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EXECUTI VE SUMVARY

Recommendations in six categories have resulted fromthis
study . They are to:

0 Inprove the manufacturing system

0o Develop generic strategies per ship class

0 Institute zone oriented design stages

0 Establish production engineering in planning yards
0 Shift to product oriented naterial management
Recogni ze planning yard activities as part of the
manuf acturing system and revise and update the Fleet

Moder ni zation Program Managenent and Operations
Manual accordingly.

o

More detail discussion of these recomendations foll ows.

1. I MPROVE THE MANUFACTURI NG SYSTEM

There is great need for OpNav and NavSea to recogni ze that
a shipyard's ability to inprove itself while inplenenting
ShipAlt work is just as much a mlitary requirement as
upgradi ng weapons systens in marshiFs. Fortunatel y’
virtually all mlitary and technical inprovenents can be
achieved while sinultaneously and manifestly providing for
manuf acturing system inprovenent.

OoNav shoul d state, "A shipyard's ability to inprove its
manuf acturing system during inplenentation of any work is a

mlitary requirenent."”
NavSea should state in The Fleet Mdernization Program

Managenent and Operations Manual, "Shipyards shall provide
for 1nprovenments in their nmanufacturing systens during

ShipAlt inplenmentation.”
. Si gni ficant inFrovenent i s dependent upon concerted
ig):pllcatlon of all of the basic managenment functions, that
° estimting,
° planning (design is an aspect of planning),
° schedul i ng,

° inplenenting (both nmaterial marshaling and
producing), and



0 evaluating.

Therefore, wth particular enphasis on those who participate
i n devel oping contract requirenents, a manufacturing system
must be regarded as including all organizations
infrugnce how shi pyards perform For ShipAt work they

i ncl ude:

° Ship Logistics Managers(SLMs)/ Program Managers (PMs),
° Type Commanders (TyCons),

° Engineering Directorates (EDs), and

o

pl anni ng yards.

SLMs, PMs, TyCons, and EDs are custoners. They should
understand that their best interests are served when their
mlitary and technical requirements are fornatted in a way
that permts further refinement and eventual inplenmentation
per nodern, zone oriented manufacturing technol ogy.

Pl anning yards serve two nasters. They function as agents
of custoners during their preparation of:

° ShipAl't Records, that is, prelimnary design _
activities that are sufficient for ShipAt progranm ng
deci sions, and

° SIDs that have the effect of contract draw ngs.

And they serve inplenenting shipyards during their
preparation of such other SIDs that are required.

OpNav should state, "Because contract design is part of
t he manufacturing system SLMs/PMs, TyCons, and eos, shal
negotiate, preferably with inplenenting yards, but otherw se
with planning yards acting as surrogates, for the purpose of
incorporating effective inplementation strategies In
contract draw ngs."

2. DEVELOP GENERI C STRATEQ ES PER SHI P CLASS

Zone/ stage control of work conbined with addressing each
type of work separately (for exanple, light-fitting rip out
and heavy-fitting rip out), are all that are needed to
devise a very useful, generic alteration strategy by ship
class. That part of a strategy that applies to a single
specialty within one ship class, say tor machinery spaces,
since it is by type of work, will be simlar to that
required for another ship class. Thus, very much can be
adapted fromclass to class by just taking into account the



different conpartmentation.

OpNav shoul d authorize a special project for the purpose
of devel oping generic strategies that planning yards should
use to preview how zone oriented work Is nmost |ikely to be
i npl enent ed.

NavSea should direct planning yards to provide codes in
their design nodels so that they can offer inplenenting
yards a choice of information in zone/stage groups that
match a generic strategy or in traditional system by-system
groups.

3. INSTITUTE ZONE ORI ENTED DESI GN STAGES

Contract and functional design are distinct stages in a
traditional design approach. Transition and work i1nstruction
design stages do not exist. Zone orientation features
syst em by-system expertise apBIied to functional matters and
initial material definition, but it also relies on zone
oriented expertise per regional specialty, particularly for
detail design and exact naterial definition. As nore than
two thirds of design man-hours are spent on detail design,
the corporate culture will change for the mgjority involved
in ShipAl't design efforts.

The change will entail a culture shock for many who
bel i eve they have achieved security by conmanding design
aspects of a particular function. Their vision cannot be
expected to include optimzing inplementation of entire
ShipAlts nor their roles as de facto Farticipants in a
manuf acturing system which has the obligation to continually
i mprove.

NavSea shoul d provide special assistance to planning yards
in the form of programs to indoctrinate designers in zone
logic, to identify people who cannot make the
transformation, and to provide such people with other work
or early retirenent.

~NavSea should require planning yards to inplenent the four
di stinct zone |ogic design stages, including, contract,
functional, transition, and work instruction.

4. ESTABLI SH PRODUCTI ON ENG NEERI NG | N PLANNI NG YARDS

Al though a generic strategy per a ship type would be
avai l abl e, each planning yard would still require its own
production engineers. They would be required at first to
adjust a generic strategy in the context of a particular set
of ShipAts authorized for simultaneous inplenentation.

Until an inplementing yard is designated, planning yard



production engineers would have to refine their strategy as
desi gn progress nmakes nore information avail able.

NavSea should require each planning yard to develop a
production engineering capability for each specialty
represented in the ship classes assigned to them Each
person so assigned should have keen understanding of ship
operational, ship maintenance, and shipyard manufacturing
system matters for the specialty assigned.

5. SH FT TO PRODUCT ORI ENTED MATERI AL WAGEMENT

Since material is the only tangible, the nost effective
shi pyard nanagenent systens control production through
control of material. Consumed man-hours are reported per
physi cal characteristic of the interim products conpleted
and according to the problens they | npose, for exanPIe, man-
hours: per length of electric-cable pulled separately for
| arge, nmedium and small|l diameters; per pipe pieces
fabricated separately by pipe-piece famly; and per weight
of electronic work packages separately for shop assenbly and
for on board assenbly.

Statistical analyses of man-hour cost returns identify how
such work nornally (mean val ues and standard devi ations)
perforns and are the bases for man-hour budgeting and
scheduling. Wen constant conparisons by conputer disclose
material types or volumes defined during any design stage
that exceed those in the contract design material budget,
budget ed man-hours increase accordingly and schedul es have
to be confirned or adjusted. In order to maintain the
validity of the naterial/man-hour corporate data, certain
material managenent techni ques are required.

Since they influence material/man-hour relationships,
certain U S. Navy purchasing activities, and nateria
suppliers including those for Centrally Provided Materia
(CFM are also de facto parts of a yard' s manufacturing
system In other words both naterial and production
responsibilities are operational matters that should respond
to the same ship nodernization strategy. Further, the
Eroductivity of a manufacturing system is dependent upon
now ng beforehand how material suppliers will perform as
well as how their products will perform Therefore
operational considerations should be the primary basis for
procurenent regul ations that shipyards nmust follow

OpNav shoul d, except for CPM and LLTM necessarily ordered
before an inplementing yard is designated, transfer al
remai ning material procurement responsibilities to
I mpl ementing yards. This recomendation is peculiar to nava
shi pyards because they are required to enploy purchasing
activities outside of their comrands for a significant part



of their material procurement activities.

NavSea should work to renove any restrictions that may
exi st that prevent shipyards frominitially ordering certain
materials from diagranmatic, and fromlimting the nunber
of eligible bidders for productivity reasons. Large anounts
of corporate data are essential for a nmodern manufacturing
system Regarding each product, this includes design
details, approval status, quality, accuracy, ILS, prices,
schedul ed delivery record, and guarantee service record.
Attenpting to build the needed file of corporate data
without |Imting the nunber of prosPective bi dders for each
itemto no nore than three, is sinply inpractical

NavSea should require naval shipyards, and shoul d
reconmend to private shipyards, that they enploy the
al l ocated stock (AS) material managenent concept.

NavSea should require naval shipyards, and shoul d
recommend to private shipyards, that they relate materials
to man- hours.

NavSea should require naval shiﬁyards, and shoul d
recommend to private shipyards, that the¥ enpl oy a conputer
to constantly conpare materials being defined in later
gesjgn stages to material budgets devel oped during contract

esi gn.

6. GENERAL

NavSea, as well as all those involved in the construction
nmoder ni zation, overhaul and repair of naval ships, have a
critical need to reexam ne the way in which infornation,
people, material and work are organized. Although the
benefits of exploiting zone technolo?y I n production work
are generally recogni zed, the rest of the manufacturing
system has not been evaluated and altered to suit this
approach. In general, nost participants in the manufacturing
system continue to enploy systemby-system thinking for al
preparations leading to production. Just before production
starts, attenpts are then made to reorganize information to
utilize zone technology in production. Logically, one
strategy is enployed until production work is to start, and
then a switch to a conpletely different one is made. This
situation is the result of a manufacturing system that has
evol ved over nany years.

This publication sets forth the premse that all parts of
the ship odernization, overhaul and repair process should
be recognized as being part of one manuracturing system
Thus the activities of planning yards are a critical part of
the manufacturing system Further, specific guidance for how
pl anning yards should go about preparing ShipAt infornation



in order to facilitate inplementation of zone logic is

provi ded. OpNav and NavSea should review, evaluate and act
upon these recommendations as a nmeans of inproving it's
apility to manage the construction, nodernization, overhaul
and repair of the naval fleet. As a practical natter, NavSea
shoul d revise and update the FMP Manual to reflect the goal
of supporting and encouraging the productivity gains that
can be achieved by enploying zone logic in ship repair,
overhaul and noderni zation progranms. Suggestions for nmany of
the revisions are provided in Part 3 of this report.



PREFACE

The authors of this report are Dr. Richard L. Storch,
I ndustrial Engineering Program University of Washington and
M. Louis D. Chirillo, Bellevue, Wa. The research was
conducted for the National Shipbuilding Research Program and
Newport News Shipbuilding, the program manager for Panel Sp-
4 (Design Production Integration) of the Society of Nava
Architects and Marine Engineers Shiﬁ Production Conmittee.
Program managers for Newport News Shipbuilding were M. RK
Neilson, initially and M. WG Becker.

The goal of this project is to provide guidance to
pl anni ng yards concerning specific changes that should be
I ncorporated in the type of information that they provide to
facilitate the adoption of zone logic technology in ship
moder ni zation, overhaul and repair. In order to achieve this
goal, the researchers conbined insights into zone logic
applications in new construction, literature review and
analysis in ship production, ship repair, and nodern _
manufacturing technology. A series of visits and discussions
with people involved in all aspects of naval ship work, was
also a part of the data gathering effort.

The data gathering visits were to people involved in
planning yard and inplementing activities at Puget Sound
Naval Shipyard, Philadel phia Naval Shipyard and Norfol k
Naval Shipyard. Additionally, people involved in planning
yard activities at Newport News Shipbuilding were also
visited. OQher inplementing yards visited included The
Jonat han Corporation and Metro Machine, both in NorfolKk.

Al so, discussions were held with representatives of NavSea
0721 concerning their Advanced Industrial Mnagenent
program

iii



TABLE OF CONTENTS

Executive Summary i
Preface Vii

1.0 I ntroduction

2.0 Basic Strategy 28
3.0 Recommended Changes to the FMP Manual 4
4.0 The Benefits of Conbining ShipAts: A

Spreadsheet Application 5
5.0 Recommendat i ons 77

viii



IEE?ENATICN REQUI RED FROM PLANNI NG YARDS TO SUPPORT ZONE
L
1.0 | NTRODUCTI ON
1.1 BACKGROUND
The U. S. Navy's Fleet Mddernization Program "was

established to provide a structure for the orderly planning,
progranm ng, budgeting, and installation of mlitary and

technical inprovements to ships . . . . * The process may be said
to start with a sponsor’s description of an idea for _
inprovenent, “. . . including its purpose, and its relationship

to existing equi pment systens.” Wen approved, in the

context of operational requirenments for proposed mlitary

I nprovenents and in the context of safety, reliability,

mai ntainability, and efficiency for proposed technica

i nprovenents, an idea is systematically processed for

further study. Dependent on the nature of a proposed

i nprovenment, an appreciable investment may be nade in order

to “.. .measure the degree of increase in the ship's

capability to performits mssion and. .." the estimated
...cost for nmaterials, installation, and design resources

needed to carry out the proposed inprovenent.”

Each idea for which approval is sustained then becones the
subject of a Ship Alteration Proposal (ShipAt Proposal or
&M?, "... a baseline document which consolidates known
technical and materials information . . . ." A unique nunber is
assigned for trackin% pur poses, applicable hulls are
identified, and the ShipAlt Proposal is entered into the
Navy's Anal gamated MIlitary and Technical |nprovenent Plan

Next, each ShipA't Proposal is usually assigned to a
planning yard for preparation of a Ship Alteration Record
(ShipAlt Record or SAR). A planning yard is specialized by
ship class and may not necessarily be one of the yards
designated for the production phase. In the process of
preparing a ShipAlt Record, a planning yard “. . .updates and
docunents the conplete technical requirements and
specifications that define the alteration. This information
forms the basis for ShipAlt installation design efforts and
Brovides data on which ShipAlt progranm ng decisions shoul d
e made." Thus the earliest planning yard activity is part
of Estimating, one of the five mgjor functions for any
I ndustrial management cycle as shown in Figure 1-1. As a

1 All quotations unless otherw ise noted are fromthe U S.
Navy's Fleet Modernization Program Managenment and Operations
Manual , SL720- AA- MAN- 010, January 1985 wth Change 7,
Novenber 1988.
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FIGURE 1-1: Two views of the management cycle for a zone
oriented approach to any heavy industrial process, including
ship construction, modernization, overhaul, and repair.
Planning includes design and material defintion. Execution
includes material procurement and production.



practical matter, estimating is al nost aIwaYs perforned by
system The process is the same as that enployed by
commerci al -ship operators when they consult wth their own

technical staffs, or design subcontractors, during
prelimnary design activities for ship nodernization

Thereafter ShipAlt progranm ng decisions involve nmany
organi zations and require a relatively conplex reiterative
process for budgeting, budget review and adjustnent, and/or
reassessnent of requirenents. During the reiterations,
met hods for inplenmenting each ShipAl't are addressed. This
represents the start of Planning in the managenment cycle.
Special note is made that design and material definition are
aspects of planning. Hereafter, usage of just the word

planning inplies that design is included.”

Ideally, the reiterative process leading to a list of
ShipAlts approved for installation would include
custoner/plannin? yard/inpl ementing yard negotiations.
negotiations would be aimed at identifying the infornatigﬁ
produced in basic design that should be used as contract
desi gn docunents for a specific nunber of ShipAlts to be
i npl enented simultaneously. The inplenmenting yard's
production engineers, as participants in the negotiations,
woul d contribute the nost cost-effective inplenentation
strategy, consistent with achieving each ShipAlit's
functional objectives, before the major expenditure of

desi gn man- hours.°’

The arrangenents shown on contract draw ngs, would then
reflect production engineering for various productivity
obj ectives, such as:

0 conbining foundations, even for different ShipAlt
equi pment,

0 delineating separate outfit packages, regardless of
different Shipalts represented, that wll be
assenbled in shops and the sequence for their
installation on board,

0 mintaining distributive systems in parallel runs

2 “Expanded Planning Yard Concept and Configuration
Accounting, or Inproving Navy Ship Engineering," by AR
Karn and E. Runnerstrom Journal of Ship Production
November, 1986, pp. 238-244.

‘Custoner as used herein designates any U.S. Navy
organi zation having approval authority.



that are as straight as possible, regardless of
systens represented,

0 rip-out, redesign and reinstallation of otherw se
unaf fected nearby systems when such work woul d
obvi ously reduce ShipAlt inplementation costs, and

0 providing sequenced zones per stages by type of work
so that work of one type, heavy welding for instance,
may be done at the same time for all systems within a
zone.

In the absence of such guidance, plannin? yar ds
insufficiently integrate ShipAlts and have little or, no
concern for probable overhaul work that could also be
inplemented  sinultaneously. Nor do traditional planning
yards sufficiently anticipate the sequence of production
activities. In other words, planning yards do not usually
make transformations from system to zone orientation during
the planning function|(see Figure |-1),| as needed to
facilitate the nore effective zonal approach that has been
gai ni ng acceptance in U S. private shipyards since 1979 and

in naval shipyards since 1982. °

In order to support the pursuit of productivity
I nprovenent through the application of zone |ogic, planning
yards should effect certain changes in the follow ng draw ng
preparation and material definition areas:

o ShipAl't Installation Draw ngs (SlDS& - These include
drawi ngs for system di agranmatic, key arrangenents,

‘Two not abl e exceptions resulted from Puget Sound Naval

Shi pyard knowi ng when performng as the planning yard that

it would be the inplenenting yard and having some key people
in both design and production who understood zone logic. One
exception was the extensive electronics nodernization
involving at least five ShipAlts in the front end of SSN 637
class submarines. "On-board [foundation] work was reduced
from seven weeks to three workdays...,’, from “lncreasing
Efficiency Through Qutfit Planning,” by C. M Mirphy,

Journal of Ship Production, FebruarY 1989, Pp. 1-9. The
second exception was for the installation of a Naval

Tactical Data System Anti-Submarine Warfare Mdule in USS
NIM TZ (CVN-68) which took 7 nonths with zone |ogic whereas
previous simlar work by traditionally performng yards
required 14 nonths. The work required ‘I . . .nearly 30 miles of
new cabling, 250 foundations, new furniture of all types and
hundreds of feet of both ventilation ducting and piping...",
from"Cl C Upgrade on NNMTZ Nears Conpletion,” Salute, Puget

r

I.

|
Sound Naval Shipyard, 19 April 1990, pp. 8-9.




tenporary access/egress, tenporary shoring, rip-out,
structure, arrangenments, manufacturing, assenbly and
details, electrical diagrams, and cabling sheets as
needed by an inplenmenting yard. SID s are conprehensive
and exclude only the final draw ngs conmrensurate with
final planning stages which are usually produced by
{nplenenting yards. SIDs may include integrated designs

O " ..represent work required by two or nore ShipAts
usual ly to be acconplished in the sane space or area_ of
the ship. .. ." at the same time. “Conpletion of SIDs is
to be acconplished no later than 12 nonths before start
of scheduled availabilities (A-12)."

o Centrally Provided Material (CPM - These are first
defined in ShipAt devel opnent docunents, such as
ShipAl't Records, and are designated for numerous
reasons to be centrally procured and delivered to
i npl enenting yards as Government-furnished materi al
Speci fic dispositions of CPM are included in Bills of
Material (BOWs) that acconpany SIDs.

0 Locally Provided Material (LPM - These are itens that
are listed in BOW that acconpany SIDs and that are
designated for material management (procurenent and
control) by inplenmenting yards.

0 Long Lead Time Material (LLTM) - This is another way of
classifying materials as LLTM applies to both CPM and

LPM.”®

The needed phanPes require that nore production engineering
be applied in planning yards before inplenenting yards are
desi gnat ed.

1.2 UNDERSTANDI NG TRADI TI ONAL “PLANNI NG' AND SCHEDULI NG

Traditional specifications for the nodernization of nava
ships and submarines are witten to describe what is to be
done (remove, nodify, relocate, and/or install) separately
by system Wth some exceptions, a design process is
i npl enented for each ShipAlt only with regard for functiona
requirenents and the need to avoid interferences. A strategy
for performng ShipAlt work with regard for other work in

*Not hing pertaining to Integrated Logistic Support (ILS)
I's included because ILS procedures remain relatively
unaffected by the shift from systemto zone orientation. But
zone logic, nore than any alternate approach, forces the
updating of design nodels to reflect true as-built
arrangements. ILS is facilitated accordingly.



the sanme region is not usually given to designers
ef or ehand.

In the absence of a work strategy designers assigned
responsibility for a particular hipAt usually describe
required nodifications or new features on system arrangenent
and detail drawings and provide material |ists by system
The conbining of ShipAlts for sinultaneous inplenentation is
done only on an exception basis. Design is not inplenmented
as an aspect of planning. Planning takes place afterwards as
shown in|Figure 1-2.

In each naval shipyard, the systemby-system design output
Is passed to “planners” and estimators who, while part of
the “planning” department, have no responsibility for
initial planning, that is, an overall production-engineered
strategy. Upon receipt of drawi ngs, they sinply allocate
man- hours and naterials based on a work breakdown by
systens, subdivided by line itens (such as renove or instal
a large valve) , which are broken down by key operations
incident to each line item (erect scaffolding, renove
insulation, etc.) . As a rule of thunb, they try to have 90%
of the key operations issued when ship nodernization starts
so that the senior civilian production managenent (group
superintendents) "then know what the total nodernization
requirenment is all about.”

It is not unusual to have as many as 8- or 9-thousand key
operations, having |ead- and assist-shop designations,
i ssued for inplenentation by sixteen shops. They are usually
published as a lot just a nonth or two before work is to
start and a conputer is used for scheduling all the key
operations even though sonme of them may not have to be
i npl enented within the next 10 or 12 nonths. Mny production
supervi sors spend tine at the very beginning of each ship
availability studying a mass of data in an attenpt to nake
sure that all support shops are scheduled to neet their
priorities throughout the entire availability.

Al so, scheduling a month or two before work is to start
does not serve design and material procurement and
mar shal i ng peopl e who ot herwi se could have sequenced their
activities to exactly anticipate production needs. They too
are unknow ngly spending critical pre-availability tine on
actions that do not have to be taken for the next 10 or 12
months. The approach, while adequate but inefficient when
ships were sinple, is no longer appropriate due to the
conplex nature of modern ships. Critical planning time
el apses and just before ship arrival, production supervisors
are suddenly concerned with tactics without strategic
gui dance. The result is often a quick abandoning of the
overall plan in order to show sone “progress.”



SHIP WORK BREAKDOWN STRUCTURE

SARP - ShipAlt Record Package
OWP -~ Overhaul Work Package

JOB ORDER PROCESS CARDS

FIGURE 1-2: The traditional system approach characterized
bY the absence of planning before design. Tpe appl i cati on
0

zone logic, while possible, i f _ .
by Phi | adel phi a hbvaIpShipyard) 's very difficult (Provi ded



Further, in order to devel op design expertise, the Nava
Sea Systens Conmmand (hvaea? Instituted the ﬁlanning yard
concept wherein certain public and private shipyards are
each assigned design responsibilities for one or nore
specific ship classes. A planning yard is responsible for
mai ntai ning ship class and individual ship records, and is
charged with responsibility to initiate ShipAt design
devel opment early in the decision making process. The
pl anning yard approach is preferred by traditional system
by-system desi gners because from their viewpoint it is
specli alization by problem category. But the planning yard
concept as usually inplemented does not facilitate
devel opnent of any inplenmenting yard s nmanufacturing system
because it introduces a significant obstacle, the physica
separation of ShipAt designers from shipyard people who
have the experience needed for devel oping effective ship-

noder ni zation strategies.

The third strike, so to speak, cones from devel oping the
designs of too many ShipAlts independent of each other.

1.3 UNDERSTANDI NG ZONE TECHNOLOGY

The term Zone Technol ogy (ZoneTech) is being used within
the naval shipyard conmmunity to identify product
orientation, a superior way of grouping information that
planning yards should routinely enploy for ship
nmoder ni zation work. Zone/ Stage Technolo?y is a nore
descriptive title. There are two key definitions:

0 A product work breakdown structure identifies interim
products (regardless of the portions of different
systens they may contain) and their relationships to
each other that are necessary for defining and
achieving an end product, e.g., a nodernized ship.

0 An interimproduct is a discrete elenment identified as
an objective in a wrk package. It is a part,
subassenbly, zone, system etc., that has been
transformed by the application of work. The
transformati on can be nmanifested by physical change or
by change in circunstances, e.g., change of an
untested piping systemto a tested system

Commensurate with these definitions, even a conpartnment

6 Manufacturing system as used herein refers to an

i npl enenting yard s organization of infornation, people and
work that is comonly enployed for ship construction,

noderni zation and overhaul . Manufacturing systemis the very
essence of a corporate culture.



that has been enptied of many systems as a consequence of
rip-out work, represents an interim product. A clearly

di scerni ble step has been conpleted toward nodernizing the
compartment. As other steps apply for different types of
work within the sane zone, e.g., welding heavy foundations,
assenbly of pipes, and painting, an interim product is only
identified when both its zone and stage are designated.

Zone is geographical and characterized by three
dimensions. Stage refers to the fourth dinmension, tinme.
St age designates when an interim product is required
relative to the need for other such interim products. Thus,
zone/ stage designations are means for directing different
peopl e (design, material, and production) in how to group
their resources for conmon objectives.

1.4 PALLET CONCEPT

The word pallet is used by some in place of zone/stage.
Its meaning is nuch nore significant than the connDnIY
empl oyed dictionary definition: “a portable platformfor
handling, storing, or noving materials.” To designers a
specific pallet means the data (design details, nateria
lists, work procedures, test instructions, etc.) needed to
produce an envisioned interim product. To materia
managenent people the sane pallet neans the procurenent and
kitting of the specific materials required. And to
production people it means the specific work effort that
nmust be applied to produce that interim product. To
production engineers, pallet has all of those neanings.

As shown in|Figure 1-3.] 4 P?IIet serves as an information
l'ink which coordinates the etforts of people having

different responsibilities, toward a common goal.’

1.5 PALLET LIST

In the context of the broad definition of a pallet, to
pal l etize neans to group information, nmaterial, and work as
preparation for producing a series of discrete objectives
(interim products). A pallet list is identification of the
interim products required to conplete a project. \Wen a
pallet list is presented in the sequence in which the work
I's expected to be performed, it is the nost effective way to
express a strategy for ship nodernization that should be
commonly followed by design, material nmanagenent and

‘For a sinmlar definition of pallet as applied to ship
construction see Ship Production, by RL. Storch, c.P.
Hammon and H M Bunch, Cornell Maritinme Press, 1988.
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FIGURE 1-~3:
Pallet = zone/stage = interin product = work package.

The pallet concept applied to Shipalts.
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production people. As shown in|Figure 1-4,| a production-
engi neered strategy for sinultaneous inplenentation of any
number of ShiFAlts can and should be given to ShipAlt
designers at |east before they start that part of basic
design that will becone contract design, that is, a
negotiated package which first of all does not affect
ShipAl't functional requirenents, but is consistent with the

nmost productive nethods known. 8

Regardl ess of what they are called, pallet lists,
zone/stage lists, or even interimproduct lists, each is a
strategy for coordinating design, material and production
managenent. There is no counterpart to the powerful pallet
concept in traditional systemby-system operations.

1.6 REAL AND VI RTUAL WORK FLOWS

Anot her profound benefit is derived from the pallet
concept. Since identification of stages is for the purpose
of providing separation by type of work regardl ess of
systens represented, classification of each type of required
work is sald to be by problemarea. Wth pallets sorted per
zone/ stage/area classifications all prerequisites are in
place to fully exploit Goup Technology (GI), even for
di sassenbly and assenbly work on-board. That is, when the
problens inherent in required work are the sane, interim
products, regardless of even significant design differences,
may be produced on rationalized work flows. The latter are
anal ogous to the way inside machine shops in naval shipyards
are exploiting GI by arranging nmachine tools into cells so
that each cell addresses a frequently encountered set of
problens for a mx of products of different designs that are
required in varying quantities.

Rationalized work flows may be either real or virtual
Real work flows are characterized by the material being
processed noving from work station to work station as on
aut onobil e production lines. Virtual work flows are

8 " . ..work analysts have to participate in the design of

t he product and process. Cbviously the finished product
cannot be engineered prinarilg to make work easier. Its
basic specifications are set by the needs and values of the
user and not by those of the producer. But within the
restraints set by these basic specifications, there is
usual |y considerable |eeway to design a product or service
so as to be produced efficiently or inefficiently, sinmply o
wi th unnecessary conplications, wth eonomyof work or
wasteful l'y.” Managenment - Tasks, Responsibilities, ractices,
by Peter F. Drucker, Harper & Rrow Ny, 1973, isin 0-06-
011092-9, p. 201.
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PALLET LIST

SARP - ShiipAlt Record Package
OWP - Overhaul Work Package

FIGURE 1-4: The zone approach characterized by strategic
pl anning before design begins. The application of zone
logic is greatly facilitated. (Provided by Philadel phia

Naval Shi pyar d)
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characterized by the material being processed renainin%
stationary and work teams moving fromsite to site as during
construction of a kyscraper. t hough applications should
be mnimzed, there are always exceptions that are best
handl ed by job-shop approaches. W rk in shops may be
performed on real flows (overhauling valves and

manuf acturing pipe pieces) or virtual work flows

(assenbling, outfitting and painting structural blocks for a
cl ose-in weapons system, whereas work on board can only be
erformed on virtual work flows (overhauling subnarine
al l ast tanks).

1.7 DI FFERENCES BETWEEN SYSTEM BY- SYSTEM AND ZONE/ STAGE
ORI ENTATI ON

The nost profound difference between traditional system
by-systen1and zone/ stage operations is the forner’'s absence
of an overall production-engi neered strategy before even
basic design efforts start. A strategy inposed for
zone/ stage oriented operations is idealized when it is:
initially aPpIied in a large-frame sense, subject to
constant refinement as nore design information becones
avai |l abl e, and dependent nore on ship type and nature of
work rather than on details of the work to be acconplished.
As a consequence of the latter, the physical separation of
planning yard designers from inplementing yards, while it
still remains a problem dinminishes in significance.

Zone/stage operations feature design as an aspect of

pl anni ng ereas traditional systemby-system operations are
characterized by nost of the design effort taking place in
the absence of neaningful planning. Thus, there Is little
opportunity for qual|ty production engineering. This
difference is especially remarkabl e because for nmany years
only naval shipyards anong all shipyards in the U S have
their design divisions organized as part of their planning
departments. But while so organized, master ﬁlannin (large-
frane sense) is insufficient and untimely. The zone/stage
approach requires nore and better quality plannin

(literally an inplementation stratng that acknow edges that
other work will be taking place sinmultaneously) in time to
gui de ShipAl't basic designers. Further, a zone/stage
approach requires refinement of the inplementation strategy
as design progress makes nore information available. As
shown in Figure 1-5, starting with basic design, inposition
of a strategy or refinenent of a strategy always precedes
design activity.

Such refinenent continues until just before the fina
ShipAl't design stage when production engineering input
becomes tactical in nature. Detail designers are then
advi sed of the exact way that production needs information
grouped on final detail drawings. The latter, since they

13
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i nclude nmore than #ust design details, such as, precautions,
procedures for performng work, and reference |ines that
facilitate assenbly, are becom ng known as work

i nstructions.

Unli ke system by-system design which is usually separate
for each ShipAlt and al so independent of other design
activity, all stages of the design effort for zone/stage
orientation are parts of a single process in response to a
single strategy regardl ess of where design work 1s
performed. Thus, information from planning yards to support
zone/ stage logic should conformto a strategy devised by a
production engineering effort even if it is just for basic
and functional design stages with the remaining design
efforts perforned by inplenmenting yards.

|'Reference to any mscellaneous infornmation relating to
operations or procedures peculiar to a specific
shipyard. . . . " is disallowed. But a production-engineered
strategy, generic per ship class and hardly m scellaneous,
does not preclude extracting data from a design nodel in the
traditional systemby-system manner. Therefore, no conflict

with the cited specification is envisioned. 9

1.8 DESI GN STAGES

As early as 1986, at |east one planning yard which was
al so the 1nplenmenting yard, through a special planning
effort for nodernizing a submarine, conbined several
“electronicil ShipAts that required extensive rip out and
reinstallation work. Because information was to be grouped
by type of work within a zone rather than by system
designers were able to conbine foundations for adjacent
el ectronic equi pment even though they were for different
systens. This made it practical to finish machine
foundations in shops and to organize the activities on-board
in distinct stages by type of work, including shoring
platforms, ripping out, holding-coat painting, fitting
requiring heavy welding, fitting requiring bolting or |ight
wel ding, electric cable pulling and connecting~ and fina
|__p;’ﬁ.J'_JJI_Lng,__I_Lr be inplemented for all ShipAlts sinultaneously.
Figure 1-6 |llustrates a shop-assenbled and shop-nachi ned
foundation for nultiPIe-systenlelectronic equi pnent in a
submarine. Because of the foundation's proximty to the

9  The quotation is from Technical Specification for Ship
?I?rgvvi ng Preparation, No.-90 600, 4 Septenber 1984, Part
. 2. 4e.
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FIGURE 1-6: A common foundation for multiple systems which
was completely manufactured in shops. The work included
assembling, machining, and drilling. Previously, using
traditional system orientation, such foundations were
assembled, machined, and drilled separately for each systen,

on board a submarine. (Provided by Puget Sound Naval
Shipyard)
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curved hull, an accurate design nodel of the vessel was the
first need identified when planning this extrenely

beneficial approach to work. 10

For various reasons, including relatively inaccurate hul
structure and inexact as-built draw ngs, nany draw ngs for
naval ships cannot be relied upon for designing
modi fications. Traditional systemby-systens operations
enpl oy ship checks for the purpose of verifying the
di mensions and locations of only critical or relatively
large items. The resolution of interferences associated wt
other itens is either referred to design when detected afte
work starts, or is resolved in the field by production
Those ‘lremedial” efforts adversely affect productivity to a
significant extent and have been continuing for years
w t hout addressing the root cause of the problem

h
r

In contrast, zone logic forces inprovement in the quality
of design nodels as a nmeans to assure that all work of one
type, heavy welding for exanple, is acconplished during one
stage w thout delays or need to perform heavy wel ding after
another type of work, say light outfitting or painting, has
started. Thus, a nodernization strategy inposed at the start
of ShipAt basic design, should manifest itself at the end
of the design process as gust the information needed to
performa specific type of work during each stage defined by
the strategy. Planning yards should clearly understand the
nature, grouping, and refinenent of information during all
desi gn stages.

The overall process, w thin which design should
i nescapably be part of planning, may be described as
starting wth basic design. Basic design involves system by-
system organi zation of information together with
arrangenents that are overlaid with a generic, basic
i npl enentation strategy. In other words, the information
bei ng conpiled would be organized as a matrix. \Wen exam ned
from one aspect, information would be grouped by system
When exam ned from a second aspect, information would be
grouped by zone in a large-frane sense.

The second stage, functional design, should produce quasi-
arranged diagrammatic and key draw ngs by system which fix
functional aspects and which represent a degree of
refinement of basic design. At the same tine the zonal view
of the information matrix would reflect a better, but not
yet final, inplementation strategy. This information
grouping is said to be organized in an internediate-frame
sense.

10 "Increasing Efficiency Through Qutfit Planning by C M
Murphy, Journal of Ship Production, February 1989j” pp.-I-09.
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Both the first and second planning stages require ShipAlt
designers to define all materials required (design is an
aspect of planning). By that is meant definition by either
(a) exact identities and nunmbers required, (b) exact
identities and estimated quantities, and/or (c) o
identification by material classes and estimated quantities,
such as, “so many "lineal feet of nediumdianmeter electric

cabl e.

Material definition should be refined to an internediate
degree during the second stage. The. quasi-arranged
di agrammatic shoul d be subdivided by intermediate zones so
that the location and receipt date requirements for certain
materials may be estimated with enough assurance to initiate
their procurement. This enphasis on material definition is
extrenely inportant. Many difficult to procure itens, valve
operators for exanple for which procurenent in a systemby-
sKsten1approach would be initiated relatively late, can and
should be ordered from functional design information. The
information is derived froma matrix that simultaneously
identifies information grouEed by systens and by zones In an
intermedi ate-frame sense, that is in the context of a now
refined generic, basic inplenentation strategy.

The third stage, transition design, requires the |east
nunber of man-hours, and should be inplenented by _
experienced people having simultaneous understanding of ship
operational, ship maintenance, and shipyard productivitY
matters. At this stage all information is |’'transitionedl| to
zone orientation. Transition designers establish the final
routing of new and/or nodified distributive systens per
required ShipAlt arrangements and in the context of a
finalized nodernization strategy. Transition designers
establish the rights-of-way for ShipAt distributive
systems, locate the positions of such things as valves and
gages relative to machinery, delineate the space
reservations required for maintenance, and show interface
boundaries that zone-oriented detail designers are to
observe. \Wether or not subsequent efforts produce
mai ntai nabl e designs is very dependent upon the know edge
and expertise of those who performtransition design. Their
outputs, plus the planning yard's file of standard details
are all that are needed for effective control of detail
design, that is, the final stage which produces informtion
grouped in a small-frame sense. Wiile the transition effects
some degree of design refinement, it does not address
material refinenent.

As a consequence of design being regarded as an aspect of
planning, the final or fourth stage, Is also referred to as
work instruction design. Instructions regarding safety, work
procedures, disposition of ripped-out materials, etc.
suppl ement design details and material |ists. In some nava
shipyards the final design products are referred to as unit

18



work instructions. They are organized in 8 |/2'1xl 1" bookl ets
that are subdivided so that each segment provides al
information required to performwork in a specific zone

during a specific stage regardless of different systems. 11

Also, this final stage incorporates the detail
requi renents for producin% pi pe pieces and conponents ot her
t han pipe pieces. Thus, the entire planning process starting
with basic design is one of constantly subdividing and

sorting information. 12

1.9 THE PRODUCTI ON ENG NEERI NG FUNCTI ON

The idea that is understood by too few public and private
shi pyard managers as of 1990, is that production engineering
is nmost effectively applied as a decentralized pervasive
function which has two objectives for each undertaking:

o conpletion of a project to the custoner’s
sati1sfaction, and

o manifest inprovement in the inplenmenting yard's
manuf acturing system during execution of the project.

If one of the objectives is achieved without the other a

shi pyard nanager has failed. Both directly inmpact on the
Navy's nobilization potential. Because inplenmenting yards do
not have enough understanding of the inperative need for
both objectives, they have not, as of 1990, nade sufficient
pertinent demands on planning yards. Nor have Navy project
and program managers, because their mssions do not include
constant devel opment of manufacturing systens.

"Such work instructions for "building, outfitting,

painting, and testing a four conpartnent nodule. ..for a new
meanns_system’ in USS TEXAS (CGN-39) are described in “Unit
Work Guide for Zone Qutfitting in Repair and Overhaul,!l by

S. Kjerulf, Journal of Ship Production, May 1987, pp. 95-
110.

12 In an analysis of informati on needs on draw ngs produced
at different stages of the design process, it was deternined
that “modul ar type of drawing wll actually neet their

(Navy) needs better than the individual system draw ngs”,
from "Zone-Oriented Drawings For Life Cycle Managenent," The
Nat i onal Shi pbuil ding Research Program Septenmber 1988. Thus
the design procedure described here will not adversely

i npact any other U.S. Navy ship life-cycle information

requi rements.
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I mposition of a production-engineered strategy even as
basi c design starts and constant refinement of the strategy
as subsequent design stages nmake nore information avail able,
Is a shipyard manager’s way of saying, “lI have to protect
the methods which enable me to constantly inprove the
manufacturing system.’ Thus I n
conpetition, a close association between production
engl neers and designers, ‘wherever they are located, is
essential for a shipyard s survival and for the Navy's
ability to get the greatest return from avail able funds.

I deal Iy, a production engineering effort requires a few
dedi cated high-1evel production engineers from an
i mpl ementing yard at time of basic design, a |arger number
of field engineers who are regularly assi?ned to shops at
time of functional design, the sane high-level production
engineers at time of transition design, and the actua
foremen who will supervise the work at time of detai
design; see Figure 1-5. Regardless of their positions, al
woul d understand that their participation in decentralized
production engineering is a regular work responsibility.

Wil e sharing their predecessors’ concerns for safety and
productivity inprovenment, forenmen, in their production
engineering roles, wuld be prinmarily concerned with
inputting things of a tactical nature, such as, dividing a
pallet into smaller work packages and specifﬁing rip-out
sequences. Thus, required lead tines and work volumes woul d
be greatest for high-level production engineering, would
reduce commensurately through the internediate |evel, and
woul d be |east when forenmen provide their inputs (about four
to six weeks ahead of scheduled starts for work volunmes in
the order of forty to 120 nman-hours).

In each design stage for a vessel nodernization effort,
the totality of the project is always discussed but in a
different level of detail. For exanple, during basic design
there are relatively few information groups visible from the
zone side of the information matrix, each are relatively
| arge, and the information contained is relatively vague.
Subsequent design stages increase the number of groups,
decrease their sizes, and provide nore exacting descriptions
of nodernization requirenents. Information becones avall able
at an expCential rate. As a consequence, nore and noTe
people are required to participate in the production
engi neering function in order to constantly analyze a
devel oping design and to constantly refine (not change) the
strategy.

But in nmost instances inplementing yards are not yet
desi gnated when ShipAt basic design starts. Rather than
proceed in a groduction engi neering vacuum design work
shoul d proceed in the context of a basic ship nodification
strategy that is peculiar to a ship class until an



i mpl ementing yard is esignated. Further, a few qualified
production engineers should be enployed in each planning
yard to act as if they were in a zone-oriented inplenenting
yard until an inplementing yard is designated.

1.10 MATERI AL/ MAN- HOUR RELATI ONSHI P

The effective application of zone/stage |logic requires
production control primarily through control of material
G eat enphasis is attached to early definition of all
required materials fromthe earliest design stage and
constant refinement thereafter as described in Part 1.8.
Man- hours required to process material should be related to
sone physical characteristic of material, such as, weight,
lineal footage, and surface area. Thus the initial
assessnment of material required during basic design is the
basis for determning total man-hours required and for their
initial allocation in a |arge-frame sense. The man-hours
obtai ned should be the primary inputs for establishing a
master schedule. As material Is further defined in
subseguent desi gn stages, nan-hour allocations and schedul es
shoul d be further refined.

The man-hour/material relationship facilitates use of a
conputer to constantly conpare materials being defined
during each later design stage to those predicted in basic
design. As soon as unforeseen materials or unforeseen
quantities are disclosed (due to design devel opment or open-
and-inspect activities), managers are warned to adjust or
confirm existing man-hour budgets and schedules. This
constant conparing, through devel opnent of zone/stage work
packages and the evolution of weekly man-hour budgets and
schedules, is extremely inportant.

1.11 PRODUCTIVITY I NDI CES AND ANALYSES

The concept of the material/man-hour relationship should
al so be used to establish work volunes in work packages. The
terms material volume and work volume are synonynous. Thus,
a material list for an interim product should be the basis
for determning man-hours required for producing the interim
product. Man-hour costs should be collected per interim
product or obtained by proration after nman-hour costs are
reported for a series of interim products of the same type
of work. The man-hour costs relative to certain physica
characteristics of the materials being processed are
productivity indices (man-hours/nunber of pipe pieces ripped
out , man-hours/paranmetric weight of fittings assenbled, nan-

hours/cable length pulled, etc.). 13

13 paranetric weight relates to only the weight of those
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Because each productivity indicator is per type of work
and the planning provides for performng each type of work
in a specific zone during a specific stage, the incidence, of
different work teans conflicting with each other is all but
elimnated. In the absence of such conflicts and where work
flows per type of work exist, statistical analyses of man-
hour cost returns are extrenely effective. |nplenenting yard
and planning yard managers are then informed nuch nore
exactly about how work is being perfornmed. Analytically
derived answers are obtained to the questions:

0 How does the progress of work conpare to weekly,
bi weekly, nmonthly and higher-tier budgets and
schedul es?

0 |Is constant inprovenent manifest?
0 Are there other trends?

Desi gn becomes a true aspect of planning. Total Quality
Management (TQW becomes a realistic objective because, as
shown in Figure 1-7, everyone in the design hierarchy is
kept aware of how their activities inpact on cost/interim
product .

1.12 SUMVARY

Basi ¢ ShipAl't designers account for the |east expenditure
of man-hours, but have the greatest inpact on total ship
moder ni zation cost. CQher designers and naterial managenent
peopl e account for a greater anount of man-hours and have
the next greatest inpact. Production people, while
accounting for the greatest expenditure of man-hours by a
wi de margin, have very little 1npact on total ship
nmoder ni zati on cost, seelFigure 1-8/ Thus, the key to
productivity inprovenent is in nore and better quality
ShipAl't planning which will direct design and nateria
managenent to exactly anticipate how production wll be
i npl emented. This goal cannot be obtained via traditional
system by-system operations because each ShipAlt designer
usual ly perforns nore or |ess independently and in the
absence of an overall strategy that woul d describe how
production is to be inplenented.

As of 1990, a few private shipbuilding firms which al so
perform ship nodernization and one naval shipyard have
successful |y adopted zone/stage logic for their overal

itenms in an envisioned work package that have a sufficiently
useful relationship (statistically verifiable) to man-hours
required to inplenent the entire work package. O her weights
are ignored.

22



- FUNCTIONAL DESIGN
T BY SYSTEM

Y

TRANSITION DESIGN
> INTERRELATIONSHIP OF
SYSTEMS & ZONES

Y

DETAIL DESIGN
SPECIFICATION OF
INTERIM PRODUCTS

BY ZONE/AREA/STAGE

MODIFY PLANNING
y

Y

WORK PACKAGE
PRODUCTIVITY VALUE
ANALYSES

!

ACCEPTABLE
PRODUCTIVITY

NO

FIGURE 1-7: The reiterative development of work packages.
Design and material definition are regarded as aspects of
planning.
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FIGURE 1-8: A conparison of direct cost to its influence on

ship nmoderni zation cost. The percentages shown are typical
of work performed in shipyards.
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operations. Qher naval shipyards have successfully enployed
ltmted applications of zone/stage logic in various surface
ships and subnarines, usually for installation of conplex
weapons systens. Adoption of  zone/stage |ogic by planning
yards is essential for nore inplenmentation in both public
and private shipyards. Changes in the way planning yards
operate have to overcone the tollow ng problens:

0 plaq?ing yards are often separated from inplenenting
yards,

o planning yards often start before inplenmenting yards
are designated, and

o planners, designers, and production people, in both
Blanning_and I mpl enenting yards, who are specialized
y function, are reluctant to accept substitution of
expertise by product.

Thus, this publication provides guidance to planning yards
about the nature and grouping of design information needed
for basic zone/stage strategies that Inplenenting yards may
enploy. Wth the nonentum thus gained, an inplenenting yard,
when designated, would only have to negoti ate:

o nomnal changes in a strategy, and

o assunption of certain remaining design
responsibilities.

Regardl ess of the split design responsibilities, it would
seem that the manufacturing process for a ShipAt comences
wth the start of contract design, that is, all design,
material marshaling, and production activities would be in
accordance with a single strategy [(see Fig. 1-9)|.

But the devel opnent of a sufficiently useful generic
strategy per warship class requires significant expertise
and resources conplinmented by sone ball park understanding
about the scopes of nodernization efforts two to four years
in the future. For exanple, would whol esal e renewal of
weapons systems be |ikely? Are extensive structura
modi fications probabl e?

Strategies to the extent that they are described herein,
are only intended as nodels. It is strongly reconmended that
sufficient funding and high priority should be applied for
retaini ng production_en%ineers who have extensive experience
in applying zone logic for shipyard applications. They
should work with teanms of planning yard designers and
prospective production engineers to further develop basic
strategies for classes of carriers, submarines, surface
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conbat hips, and uxiliaries. 14

14 Philadel phia Naval Shipyard utilized experts provided
by IH Marine Technol ogy, Inc. to develop the zone |ogic
strategies and related services for nodernization of both
KITTY HAWK (CV-63) and CONSTELLATION (CV-64) as described in
"Strategizing and Executing the |nplenentation and
Utilization of Zone Technol ogy at Philadel phia Naval
Shipyardrit by L.D. rill, B.S. Munro, MS. OHare, and K
Baba, Jornal of Ship Production, August 1990, pp. 164-174.
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2.0 BASI C STRATEGY
2.1 SPECIALTIES

System by-system operations start with know edge of a
craft, whereas zone/stage (product-oriented) operations
first address the requirenents of a product. The interim
products featured in a product work breakdown structure
(PWBS) determ ne how skills (people), infornmation, and
materials are grouped. For exanple, because the problens
associated with nodernizing electronic spaces are
significantly different from those required for such work in
machi nery spaces, the needed groupings of skills,
information and materials are different. Each grouping is
specialized for a different set of challenges.

The number and nature of required specialties are
dependent on ship type and are anIied for design just as
they are for production. An auxiliary ship may require
sPeciaIties only for machinery, acconmmodati ons,
electrical/electronics, and a . L mes called deck
that includes everything else [see Figure 2-I)j For overhau
and noderni zation of an aircraft carrier, the nost extensive

application by a naval shipyard, ten specialties may be
enmpl oyed:

0 Services, dock work and m scel | aneous.

1 Al tank work (cleaning, painting, piping,
structural, testing) , tanks tops, and hul
structure.

2 Al work in main machinery spaces and associ ated
shaft alleys (except tank-top repairs)

3 Auxiliary machinery spaces and all associated work
(except tank-top repairs).

4 Al magazine work (except tank-top repairs).

5 Al'l punmp room work, emergency-generation spaces,
air-conditioning spaces, and rudder work.

6 Spaces fromthird deck to main deck (primarily,
but not limted to, acconmmodation spaces) .

7 Hangar bay.

8 SPaces from main deck to flight deck (primarily
el ectrical /el ectronic spaces) plus island.

9 Flight deck.
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FIGURE 2-1: Expertise in designing and manufacturing parts
and assenblies per problem area is substituted for
traditional functional expertise.
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How they are inposed is illustrated in |Figure 2-2.| 1

The specialties shown only denote basic separation by
pr obl em cat egories, an aspect of Goup Technol ogy (GT).
L] - so shows that a multiplicity of regions having
the same problem category (Specialty 5) are not contiguous
to each other nor do they conformwth nmain structura
divisions. This is because they represent separation by

probl em category only.

CGeographical representation of a specialty sinply
designates a sphere of responsibility assigned to a design
team and its conpanion team in production, that have interim
product expertise peculiar to a specialty. In sone yards the
word zone 1s used in place of specialty. Problem zone or any
other termthat inplies separation by problem category is
preferred. The reason for this distinction is to avoid
confusion wth later usage of the term zone/stage.

As described in Part 1.3, zone denotes a geographi cal
division and stage refers to a separation in time. Control
of work may be achieved by either one, but the npst flexible
and nost effective way to control work is by their usage in
combi nation, zone/stage. If a particular zone is opportune
at one point intine, it does not have to be retained if it
I's not opportune at a different tine. For exanple,
structural work on a bul khead requires a zone that
enconpasses the bul khead with sufficient space reserved on
each side to facilitate structural work. Later on a zone
that is nmade up of one or nore conpartnments makes better
sense for painting work. Such usage of zone/stage for
electric cable pulling through all specialty regions is a

better and nore conpl ex exanple. °

Qobvi ously zone/stage work packages often have to straddle
t he boundaries between specialties. In each such case, the
different specialists have to coordinate their planning with
each other.

Packagi ng work by zone/stage per specialty is neans to
assure that different work teams are not unintentionally in
the sane zone at the sane tine. There is no counterpart

1 "Strategizing and Executing the Inplenentation and
Uilization of Zone Technol ogy at Phil adel phia Nava
Shipyard," by L.D. Burrill, B.S. Munro, MS. O Hare, and K
Baba, Journal of Ship Production, August 1990, pp. 164-174.

2 "I'H Zone Logic Application to Electrical Qutfitting on
H ghly Sophisticated Ships,” by S. Sato and S. Suzuki,
Journal of Ship Production, My 1990, pp. 93-100.
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aircraft carrier. (Provided by Philadelphia Naval Shipyard)
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pl anning technique in systemby-system operations. Therein,
workers have to conpete for access to on-board work, because
the planning performed for themis inconplete.

Al so, zone-oriented production engineers are able to
advi se designers of a manufacturing system s nost effective
work flows. From the beginning and through continuous
interaction with designers, their objectives include getting
as many zone/stage work packages into preferred problem
areas. That is, as much as possible work is performed in
rationalized work flows. Job shop work is mnimzed.

As prerequisites for effective inplenmentation of zone
| ogic, the specialty regions and planned zone/stage/ problem
area classifications of work have to be considered even for
the earliest required ShipAl't Installation Draw ngs (SIDS)
and their attendant bills of material (BOWD)

2.2 LARGE- FRAME PLANNI NG

Each specialty in design and its production engineering
counterpart, basically proceeds as if the region for which
it is responsible is a separate ship. O course there nust
be coordination with other specialists at numerous
interfaces, some of which can be very significant.

Wth only the earliest available information, such as Ship
Al teration Proposals (ShipAt Proposals or SAPS), and
know edge of a ship class, production engineers/specialty
are able to negotiate with custoners and designers in order
to create a mutually acceptable pallet list (strategy). This
Is not particularly difficult for specialists because they
only have to express a strategy in terns of
zone/ st age/ probl em area desi gnations. Specialty Nunber 1 for
tanks and voids, as shown in|Figure 2-2 | provides the
sinpl est exanpl e. Zone/stage/area work packages could be
sequenced by the specialists to start art and go forward as
a single work flow or, production manpower permtting, as
two flows progressing side by side. Al so, each zone could
address a single tank or a group of adjacent tanks dependent
upon the degree of control desired.

For tank cleaning, scaffolding and tenporary service
installations, holding-coat painting, inspection, and the
rip out of fittings, it nakes sense for zones to coincide
wi th boundaries formed by structure. For rip out and
repl acenent of structure, zones that enconpass the
structural boundaries are required. Thereafter, zones that
are nmade up of single tanks or groups of tanks should again
be enployed for installing fittings and for painting. The
cl ever conposition of a zone/stage list insures, for
exanple, that a team dismantling fittings on one side of a
bul khead is not endangered or disrupted by people assigned
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to make cuts through the bul khead fromits other side.

The sequence for work is organized |ike a series of
rolling waves, wherein the crest of each represents a
category of work (problemarea) . Thus the team assigned to
tank cleaning leads, followed in succession by other teans
with zone/stage control assuring that no two teans are
unintentionally in the same zone during the same stage.

Anot her exanple which pertains to extensive nodernization
of an electronic space could enploy two zones that are
separated by a horizontal parting plane at about m dway
between the deck and the overhead, that is, upper and |ower
zones. A generic pallet [ist Tor such spaces could be:

Zone St age Probl em Area
Conpl ete Space 1 Taggi ng equi pment and fittings
with disposition instructions.
Conpl ete Space 2 Di sconnecting electric cables.
Lower Only 3 Removi ng equi pment and fittings
that do not require extensive gas
cutting.
Lower Only 4 Renmoving el ectric cable.
Lower Only 5 Removing fittings, including

foundations, that require
extensive gas cutting.

Conpl ete Space 6 Rermovi ng insul ation
Upper Only 7 Removi ng el ectric cables.
Upper Only 8 Removing fittings that do not

require extensive gas cutting.

Upper Only 9 Removing fittings, including
foundations, that require
extensive gas cutting.

Conplete Space 10 Cl ean and prine.
Upper Only 11 Fitting by heavy wel ding.
Lower Only 12 Fitting by heavy wel ding.
Conpl ete Space 13 Touch-up followed by |st-coat
pai nting.
Upper Only 14 Fitting by light welding and

bol ti ng.



Lower Only 15 Fitting by light welding and

bol ting

Conpl ete Space 16 Touch-up followed by remnaining
pai nting.

Conpl ete Space 17 Equi pment tests.

This pallet list should be thou%ht of as a series of enpty
buckets of varying sizes, that have yet to be filled wth
the detail design information, materials, and skills needed
for realizing a series of different interim products (see

Figure 1-3),

Cbvi ously, zonel/stage/area planning for rationalized work
flows nmeans nore and better quality planning that first
I npacts on the sequencing of design devel opnent and on how
design information is grouped.

Thus the earliest produced SIDS, such as Ceneral and
Machi nery Arrangenents, should incorporate identification of
the specialties that will be involved, the extent of their
i nvol venent, the boundary areas that require specia
coordination by two or nore specialties, and the basic,
often generic, pallet definitions. In addition to the
| ocations for major equipment, lists of all material
required should also be grouped to match the specialties,
but only as (a) exact identities and required nunbers, (b)
exact identities and estinmated quantities, and/or (c)
identification only by material classes and estimated
quantities. This material conpilation, broken down by
specialties and the corporate history of nan-hour/nateria
relationships conprise a solid framework for the |argest
frame budgets and schedul es. Beyond a shadow of doubt,
planning that is consistent with Zone Logic vastly inproves
the quality of information in ShipAlt Record packages before
they are sent to cogni zant approval authorities.

The process for ordering major itens that are classed as
both Centrally Provided Material (CPM and Long Lead Tine
Material (LLTM, wth information thus far available, is not
different fromthat traditionally enployed.

Planning in a large-frame sense, the first tine
interaction of production engineers and designers, is
represented in Figure 2-3.| The first of the SIDS produced,
such as general—arramgememnts, in addition to reflecting
commtment to meet custoner requirenents, contain the
strategy franmework achieved by production engineer/designer
negotiations. The framework, like an armature used when
scul pturing with clay, is susceptible to refinement but not
to change per se. Thus, the SIDS which are the equival ent of
contract drawings in the comercial world, should document
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productions commtnment to a strategy before the major
expenditure of design man-hours. In the traditional system
by-system approach to ship nodernization, this critical need
for early docunentation of production's intent, is left _
virtually unfulfilled, is of insufficient quallty, and/or is
based u on an archaic approach to work. During at |east the
year ore the start of a ship availability, traditiona
de5|gn and material nanagers can only do,the best they can,
largely in the context of different personal experiences, to
anticipate how information and naterial should be grouped to
facilitate production.

Actually, the zone logic planning thus far regarded as
| arge-frane planning, |eapfrogs ahead into small-frane
Flannlng when the specialists provide previews, their pallet
i sts. These however, are the enpty buckets, i dentified by
title and code, which are still unrefined and which have yet
to be filled wth the detail design information, naterials,
and skills needed for realizing a series of different
i nterim products.

2.3 | NTERVEDI ATE- FRAME  PLANNI NG

Internediate-frane planning, in addition to functiona
design, is chiefly concerned with production and materia
control matters that considerably refine cost/schedul e data.

provi des good enough estimates of certain materials,
other than CPM or LLTM for which special control and
rel ease of purchase orders before detail design starts, are
extrenely beneficial.

Approval authorities would further benefit because
functional drawings are required to be nore sophisticated
than those traditionally prepared. Al aspects that affect
safety and operations are included (in the commercial world
that i1ncludes virtually everything for U S. Coast Cuard and
Anerican Bureau of Shipping aﬁprovals The objective is to
mnimze, if not elimnate, e need to submt drawi ngs for
approval after relatively intensive detail design efforts
begin. Further, designers are required to quasi-arrange
di agrammati c.

Each Material List per System (M.S) still addresses al
materials required for a system But because nore
information is generated during functional design, a MS
reflects considerable refinement. The identities and
quantities of nmore material itens are exactly known. Thus, a
M.S, while not yet exact, contains fewer identifications by
just material classes and fewer estimtes of quantities

required. 3

3 As of 1990, a nunber of private and public shipyards have



The nost advanced application of zone logic features a
conputer programto conpare materials as they are being
defined in the internediate-frane pIanninP stage to those
which were identified during the earlier [arge-frane’
pl anning stage. The program sorts and collates in order to
answer two questions:

o Are qpy material s now being defined for the first
time?

o If not, do quantities now being defined exceed those
in the material budget devel oped as part of contract
desi gn?

Newy identified and/or revised quantities of materials
are imediately addressed by material managers for their
procurenent significance . But nore inportant, because of the
mat eri al / man-hour rel ationships derived from corporate
history, approval authorities and others concerned with
production control, before an inplementing yard is
desi gnated, are sinmultaneously being warned by the conputer
that man-hour budgets should be adjusted and schedul es
shoul d be confirmed or changed accordingly. The terns
material volune and work volune are synonynous. This
conputer programis the nost inportant conputer application

for effective shipyard nmanagenent. 4

Anot her profound inprovenent in the content of ShiPAlt
Records results from production engineers per specialty
having to divide the regions for which they are responsible
into a reasonable nunber of internediate zones (in warships
perhaps as few as five and as nmany as fifteen for each
specialty) . Further, production engineers are required to
sequence the internediate zones consistent with how they
plan the progression of work.

The boundaries of intermediate zones and their sequencing
do not have to exactly enconpass a grouF_of zones/ st ages
defined in previously conceived pallet lists, because

adopted Material List per System (M.S) to replace Bill of
Mat eri al (BO\Q because the former is consistent with a
scheme for identifying structured material |ists, Material
List of Fittings (MF), Material List per Pipe Piece ENLP;,
and Material List per Conponent O her Than Pipe Piece (MC
Each MLC identifies materials required for a specific
fit}ig , such as, a nultiple system pipe hanger, foundation
or |adder.

“This approach to production control through control of
material, the only tangible resource, was devel oped by
I shi kawaj i ma- Hari ma Heavy Industries Co., Ltd. (IH).



internedi ate zones/stages are only used to get better
estimates of material and work volunes as needed for:

o man-hour budgeting and scheduling in an internediate-
frame sense, and

o 1ssuing purchase orders for certain materials, which
specify just-in-time deliveries in relatively small
lots, 1mmediately upon designation of an inplenenting

ard, that is, wthout having to wait for nateria

I sts which acconpany |ater prepared detail design
drawings (the sane information could also be used for
Ssta?llshing CPM and LLTM just-in-time delivery

ates

As nmeans to achieve these objectives, functional designers
shoul d overlay their quasi-arranged diagrammatic on the
defined intermedi ate zones. The overlays then show what
portions of various systems are likely to appear in each

I ntermedi ate zone. Functional designers shoul d al so nmake
correspondi ng divisions in each MS.

The latter action sets the stage for release of initial
purchase orders that specify just-in-tine deliveries for
certain materials, before detail design starts. Thus, the
nanme Material Odering Zone (MX) is used in place of
Intermedi ate Zone. Material procurenent gets a trenendous
jump start.

Despite provision for CMP and LLTM traditional nateria
managenent is inadequate for increasingly conplex ShipAts.
The problem is acerbated by the inperative need to shorten
ship availabilities.

An extrenely effective solution enploys the MJXZ concept in
conbination wth a material classification scheme which gets
designers involved in material planning (identification of
function, quality, and quantity). This planning proceeds in
accordance with a priority sequence which addresses inm nent
requi rements and defers detail material planning for
zone/ st age/ area work packages that are not required by
production until later.

The schene categorizes nmaterials as:

Al located Materials (A) - Sonetines called direct materials,
they are ordered in response to very specific requirenents.
They are usually also classed as CPM and LLTM such as,
conpl ex electronic consoles and mssile |aunchers. As such
they are of immediate concern to customers. Itens that are
exactly defined for the first time in planning yards or even
in inmplementing yards, may also be classified as A materi al
for exanple, a unique electric motor controller or a
specific length of very special electric cable. A naterials
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require utnost attention during design, purchasing and
production planni ng.

Stock Materials (S) - These relatively inexpensive itens are
used for many shipyard projects and are autonatically
reordered when stocks are depleted to predeterm ned [evels.
Exanpl es are ordinary bolts, pipe flanges, and conmonly used
electric cable such as for lighting circuits. S materials do
not normally require specific material planning.

Allocated Stock Materials (AS) - These are too expensive to
maintain as S materials, and inpractical to control as A
material s because of the noderate gantities required.
Exanpl es are large valves, valve operators, and relatively
expensive electric cable that are not stocked by suppliers.
While they are shown in suppliers’ catalogs, they are
manufactured only in response to specific orders, Because
they are noderately LLTMs, prudence dictates conbining the
characteristics of A and S materials so that aspecific
needs are defined, AS materials are ordered periodically and
always with nodest quantity margins. This approach, which
features reassessnent usually at the end of each nonth,

mai ntains a sufficient stock for known and contingent
requirements pending reorders in response to further

material definition. °

O the three classifications only AS is wthout precedent
in traditional operations. Conbined with the MJZ concept,
the AS material concept enables a ﬁlanning yard to rel ease
some purchase orders, or at |east have them ready, before an
inplenenting_yard Is designated. Effective use of the
concept entails a tw tier approach to procurenent. An
initial purchase order commts for the total quantity
predicted from diagrammatic during functional design. For
example, if ninety valve operators are believed to be needed
for a magazine flooding systemin an aircraft carrier,

delivery for partial anounts per dates derived from MXZS are
speci fied.

For each MX, the earliest required date for a valve
operator is established in the initial purchase order as the
delivery date for all valve operators within the zone. Thus,
the supplier is able to conmt for raw materials and tooling
and start manufacture based on an order for ninety.

Terms in the initial purchase order advise the supplier

S The descriptions O A S, and AS materials are from
"Product Oiented Material Mnagenent,” The Nationa

Shi pbui I ding Research Program June 1985. The AS nateria
concept is also referred to as “Net Requirenents” in

[ ndustrial Engineering Handbook by H. B. Mynard, Chapter 4,
I nventory and Managenent Control

39



that the total quantity specified is just for start-up and
that the final quantity, to be given in a purchase order
anmendnent, nay vary plus or mnus sone nom nal anount as a
consequence of further design devel opment. Additional terns
advise that the purchase order revision will also specify
deliveries in smaller lots to match just-in-tine scheduling
for zone/stage work packages (pallets). As the date for the
earliest required valve operator in each MX was previously
used, the purchase order anendnent will grant the supplier a
little nmore time for alnmost all valve operators.

I ntermedi ate-frame planning, of course, enconpasses the
preparation of functional drawings. At the same tinme, wth
no less priority, it too |eapfrogs ahead with its strong
enphasis on accelerating definition of AS naterials, and
when necessary even initiating their procurenent. The
material information is grouped for just-in-time deliveries
in an internedi ate-frame sense, and sinultaneously, in a way
that facilitates later subdivision by detail designers for
just-in-time deliveries in a small-frame sense.

2.4 TRANSI TI ON PLANNI NG

Transition planning is unique to zone |logic. Some regard
It as the beginning of detail design efforts, but its
I nportance justifies treatnment as a distinctly separate
function. Transition planning is the |ast opportunity to
nail down significant operational, nmaintainability, and
productivity features. Further, the conpletion of transition
planning is a natural juncture for the transfer of planning
responsibilities froma planning yard to an inplenenting
yard.

Again, as discussed in Part 2.1, specialists nmatch problem
categories. Fortunately the transition stage requires the
| east expenditure of man-hours, but because of the breadth
of know edge and experience required, very experienced
peopl e should be enployed. In the context of specialties,
transition planners have to understand ship operational and
mai ntenance matters and prospective inplenenting yards
manuf act uring systens.

Transition experts use as their prinmary inputs, contract
arrangenment draw ngs, diagrammatic, and pallet lists. They:

o overlay distributive system diagrammtic on contract
arrangenents in order to show system paths and their
rel ationships to each other,

0 designate foundations that should be comnbined and/or
integrated with hull structure, regardl ess of systens,

0 designate the approxi mate positions of controls,



val ves, gages, light fixtures, ventilation outlets,
etc., not already fixed on contract drawi ngs, relative

to inportant equipnment and machinery so as to enhance
their operation,

0 designate space reservations for maintenance and
routes for initial installation of machinery and
equi pnrent as well as for their renoval and
reinstallation during future overhaul s,

0 desi?nate requirements for extraordinary shoring,
scafrol ding, and tenporary services,

0 refine and superinpose the pallet |ist
(zones/ areas/ stages) geographically and by coding on
the planning yard s design nodel, and

0 designate contingent pallets for CFM and LLTM t hat
could cause significant disruption if delivery dates
are mssed.

In other words, transition planners per specialty create
mechani sns for inmmediate control of detail design in order
to insure operability, maintainability, and productivity,
wi t hout thensel ves being involved in detail design. As
pl anning yard transition docunents should be incorporated in
ShipAl't Records together with standard design details, they
are powerful means for approval authorities to control

detail design devel opnent Dby inplenmenting yards and/or
subcontractors.

The refined pallet lists, as superinposed on a design
nmodel , are for use by inplenenting yards to assign detai
design responsibilities by zone/stage, regardless of systens

represented, and to identify interfaces between pallets. °

A typical process, perfornmed freehand before the
i ntroduction of conputer aided design (CAD), includes
superi nposi ng pi pe system di agranmatic on nachi nery
arrangenents. Typical transition planning objectives are to:

o provide the routing of all pipe and tubing systens

6 Because zone logic features nore and better quality

pl anni ng, no prospective inPIenenting yard is likely to
express need for traditiona Séstenlarran ement and det ai
drawings with attendant BOMS. But any such requirenent could
easily be met. Interim products (pallets) are classified by
system in addition to zone/stage/area. Since, transition
planners identify the systens represented in pallets, and
since all planning yards enploy CAD systens, infornation
grouped by systemonly can be readily provided.
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(nothing should be left for field running as that
woul d be work out of control),

o organize pipes in parallel and as straight as possible
within routes conceived during contract design (the
goal is to facilitate a high percentage of straight
pi pe pieces during detail design),

0 specify system positions in pipe banks, by colum and
row numbers (to insure that pipes requiring frequent
mai nt enance are nost accessible),

0 where bent pipes are necessary, use only 45° and 90’
as much as possible (to facilitate statistical control
during pipe piece manufacturing),

0 as nmuch as possible, show bends a sufficient distance
ama% fromlikely pipe joints éplpe pi eces planned to
be bent, that are manufactured as straight pipe pieces
with flanges, or other type couplings attached, and
bent afterwards, are the second cheapest category
after straight pipe pieces) , and

0 define the limts of outfit packaaes that are to be
shop assenbled, and designate the-pallets for joining
one assenblg to another, for fitting assenblies to
structural blocks, or for landing them on board.

Transition planners should have little need to request
approval to deviate from general and machinery arrangenents,
because they would probably be the sanme individuals who
provi ded production engineering input during the |arge-frame
pl anning stage. Their thinking, introduced during
custoner/planning yard negotiations a short tinme before,
should already be in the arrangements mandated by ShipAlt
Records. The changes, really adjustnents, they m ght propos,
during transition planning would for the nost part be of
limted scope and as consequences of functional draw ng and
M.S devel opnents.

Wth CAD there is some risk that designers will continue
to use the devel oping design nodel w thout ﬁausing to record
the end of the transition stage. That is, they could further
mani pul ate what is in the conputer for further design
devel opnment without nmeking a record of what transition
pl anners inposed. Having access to the transition planning
afterwards 1s obviously inmportant for discussions that could
cone up during and follow ng detail design. Having files of
transition planning from past nodernization efforts, is also
I nportant because they could be applied to future projects
by adaptation and because they are needed for teaching
transition planning.



2.5 SMALL- FRAME PLANNI NG

Pl anni ng yard People shoul d understand the final planning
stage that normally would be assigned to an inplenenting
yard. The entire effort, fromthe start of |arge-frame
planning to the delivery of a nodernized ship, has to be
regarded as part of a sin?Ie manuf acturing system in which
design is a true aspect of planning. Production engineers
and designers at all levels, in both planning yards and

i npl enenting yards, should be the recipients ot feedbpack
from conpl efed work packages as shown in_Figure 1-7.|All are
obligated to analyze results and analysis is greatly
facilitated when cost/schedule returns are per types of
interimproducts, that is, per rationalized work flows.

Proposed changes in work nethods or design details that
may benefit a particular stage in a particular work flow,
al so have to be evaluated for their inpact on the entire
manuf acturin system Each planning yard functionary,
therefore, should understand the entire process at |east
within the context of an assigned specialty.

Also, the transfer of responsibilities from a planning
yard to an inplenenting yard at the end of a transition
stage is not always practical nor, in some instances,
desirable. For exanple, if the proper operation of a conplex
weapons control space is very dependent on the exact
| ocations of all equipnent and fittings, the planning yard
may have to perform detail design as a customer inposed
condition even before an inplenenting yard is designated.

Transfers of plannin? responsibilities do not have to be
made at the sanme time for each specialty, nor even for
different groups of ShipAlts within a specialty. Wat should
be transferred and when it is transferred should be the
consequence of customner/planning yard/inplementing yard
negotiations. Additional factors to be considered include
time remaining before a ship availability starts, unique
expertise, and the planning (including design) workloads in
both the planning yard and in the designated inplenmenting
yard. Regardless of how the renaining planning activity is
assigned, that which is transferred and when it is
transferred should be the consequence of a formal transfer
meeting and a witten transfer agreenent that includes the
customer's acknow edgenent. The custoner would have to nake
commensurate fundi ng adjustnments.

Thus, for ideal grouping of information to supﬁort zone
| ogic, planning yard people have to understand the
application of a PABS for a manufacturing process, starting
wth review of the Ship Alteration and Repair List (SARP)

or such other authorizing docunent, through test and

operation (sea triaik) . At ypi cal pwbs, nodeled +to include
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rip out and installation of fittings, is shown in Figure 2-
4. Planning yard people would have to also understand how
the same logic is enployed for structural and painting work
in order to plan for integrated structural, fitting, and

pai nting work. '

Pl anni ng yard production engineers, until relieved by
i npl enenting yard production engineers, should |ead
designers in a process that nmay be characterized as
continually assessing, refining, and regrouping available
i nformation. The process should progress, as a baton passed
in a relay race, when inplenenting yard production engineers
and designers take over until the information is sufficient
and its grouping is ideal, for rationalized work fl ows.

A trenendous advantage that stens from specialization, as
described in Part 2.1, is that the degree of detailed
information and the way it is grouped does not have to be
the same for each specialty. A zone technol ogy work Package
for conplex electrical/electronics work to be acconplished
in a specific zone during a specific stage, or even in a
series of stages, may consist of an 8 1/2" by 11" bookl et
made up of a cover sheet and a number of distinct sections
as shown in[Figure 2=5.]In contrast, a work package for
piping renewals for all systems in a group of contiguous
tanks, can consist of one conposite drawing that is overlaid
and coded for zone/stage/area control. The conposite woul d
also feature a material list that is divided to match the

pl anned i npl enentation of work. °

Regardl ess of whether booklets or conposites alone are
used, all systems, including tubing, should be included.
Exceptions should be limted to short runs of |ighting
circuit cable and short lengths of tubing in the vicinities
of gages. Allow ng systens to be field run is the sane as
giving away control .

Initially, booklets |ike that described in Figure 2-5 jare

7 A PWBS for ship repair was first proposed in "'Modern Ship
Repai r TechnologY Applied to Naval Vessels,” by J.H
Shoenaker, Norfol k Naval Shipyard, 1982. This is anal ogous
to integrated hull construction, outfitting, and painting as
enpl oyed by the nost effective shipyards for ship
construction, as described in Ship Production, by R L.
E%géch, C.P. Hammon and H M Bunch, Cornell Maritine Press,
1988.

8 "Unit Wrk Guide for Zone Qutfitting in Repair and
Overhaul ,” by S. Kjerulf, Journal of Ship Production, My
1987, pp. 95-110.
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FIGURE 2-4a:

Typical work flows by problem area for ship
modernization.
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sonetinmes justified only until workers who, in the past were
required to apply only their craft expertise, have devel oped
expertise per product. How to sinplify work instructions

wi t hout |osing control, should be continuously analyzed
follow ng inplenentation of work.

Even ShipAl't work in a space that is noderately conplex
and requiring CPM and/or LLTM could be controlled by a
single conposite drawi ng having overlaid zones acconpanied
by codes that identify stages and problem areas. The
material list could be conventionally prepared but would
have to be supplenented by two colums. One would identify
the pallet destination(s) for each line of materia
(instructions for material marshaling people). The second
woul d identify contingent pallets for CPM and/or LLTM This
latter requirement is very inportant.

In effect, contingent pallets are warnings to the
custoner, planning yard, and inplenmenting yard people
concerned with events leading to material palletizing.
Because Froductivity indicators are different for sonething
that could have been fitted in a shop assenbled unit or
landed in a relatively accessible space on board, as
conpared to later landing the same 1temin what has beconme a
relatively inaccessible space on board, the required
Increase in the man-hour budget and the shift in the man-
hour distribution due to late delivery is known beforehand.
In other words the inpact on productivity and schedul es are
preassessed, nostly analytically determned in the absence
of enotional argument, and very clear.

Sone people who are responsible for tinely delivery of CFM
are not likely to be enthused about the contingent pallet
concept “because it gives clains advantage to 1nplenenting
yards." They should be made to understand that all materia

rocurenent matters, no matter how renote or when initiated,
econe a de facto part of an inplementing yard's

manuf acturing system The use of rationalized work flows is
for the purpose of achieving effective anal yses so that
problems and the extents of their inpacts are identified.
Regardl ess of who is responsible, the Navy's best interest
Is always served when the inpacts of late materials are
accurately identified and assessed. Qtherw se, attenpts to
I nprove material support activities will be futile.

Detail designers also have to be ?iven production
engi neering gui dance about what different fittings inpose
the sane type of work so that they may be incorporated on
t he zone/sta?e conposite regardl ess of systens represented.
An exanple of work that should be included on the sane
conposite is shown below. Each bullet or heading itemif
there are no bullets would represent an individua
composite. Simlar lists should be prepared separately for
each specialty.
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Taggigg
0 | electrical/electronic equipnent, furniture,
pi pe, ventilation duct, |ightweight foundations
to be renpved.
oAl'l heavy foundations, stanchions, beneath deck
stiffeners to be renoved. ,
O All electric cable to be renoved.

Removing Smal |l Fittings
0 Generally everything limted by weight and |length
that one worker can renove safely (1ncludes
el ectrical /el ectronic equipnent, furniture, pipe,
ventilation duct, and |ightweight foundations)
0 Electric cable.

Installing Shoring & Scaffolding

Renmoving Large Fittings
0 Cenerally everything for which nore than one worker
is required for safe ‘renoval (includes
el ectrical/electronic equipment, furniture, large
di aneter pipe, ventilation duct of extraordinary
| ength, heavy foundations and beneath deck
stiffeners)

C eaning & Hol di ng-Coat (primer) Painting
Layi ng Qut Reference Lines and Points (for all systens)

Fitting Lar?e Conmponent s
0 CGenerally everything for which nore than one worker
Is required for safe installation (includes .
el ectrical/electronic equipnment, large dianeter
pi pe, ventilation duct of extraordinary |ength,
heavy weight foundations and beneath deck
stiffeners)

Inspecting (for conpliance with dinensional tolerances
and weld quality).

Renmovi ng Shoring & Scaffol ding

Installing Small Fittings (small dianeter pipe,
ventilation ducts, electric cable lengths, etc.)

Connecting Electric Cable Ends

Testing (initial phase)

Painting (all but finish coat)

Testing (final phase)

Cleaning, Painting (final coat) & Labeling



How the fis are grouped should be based upon the
equi val ence of work. They should not be grouped to reflect
how production shops are organi zed unless the shops
thensel ves are product oriented. O ten, the separations are
i nfluenced by work volume, access to work, skills available,
and materials available. The grouping of information to
facilitate productivity should be used as the basis for
devel opi ng product trades, individuals or teans having al
skills necessary to produce a class of interim products
regardl ess of the systens represented. In other words,

peopl e shoul d be grouped to match a PWBS. °10

As materials are being further defined on Material Lists
for Fittings (M.Fs) to correspond with pallets, the sanme
very inportant conputer program described in Part 2.3,
continues to sort and carefully conpare in order to provide
answers to the sane two questions as before:

0 Are any materials now being defined for the first
time?

o If not, do quantities now exceed those recorded in the
contract design nmaterial budget and in MS?

The objectives remain the sane, to confirm or adjust man-
hour budgets and schedul es.

During all but the last stage, planning should be
strategic in nature. But before the conpletion of a
zone/ stage work package (about six weeks before each is
schedul ed for issue), planning should be tactical in nature
and preferably provided by the forenen who will be in charge
of inplenmentation, working with specialist counterparts in
design. The forenen provide sequences for rip out and
reinstallation, subdivisions in the material |ist which each
equate to about forty man-hours, reference lines and points
needed for assenbly work, etc.

9 The nanme product trade was introduced by Phil adel phia

Naval Shipyard. People were taken from traditional shops and
assigned to newy created shop organizations that are
speci al i zed per product. See Figure 3 of ‘'Strategizing and
Executing the Inplementation and Utilization of Zone
Technol ogy at Phil adel phia Naval Shipyard,” by L.D. Burrill,
B.S. Minro, MS. O Hare, and K Baba, Journal of Ship
Production, August 1990, p. 166.

10 How production can be organized to match a PWBS is
shown in Figure 1 of "Productivity: How to Organize the
Managenent and How to Manage the Organization,” by L.D

Chirrllo, Naval EnG neers Journal, Novenber 1930, p. 28.




The process of data reduction which started during |arge-
frame planning and which is thus far described through
pal l et definition, is still not conplete. In traditiona
organi zations what remains, the detail planning for pipe
pi eces and conponents other than pipe pieces, 1s regarded as
part of production. Detailing for the manufacture of pipe
pi eces in pipe shops and nold loft operations for structural
work, are exanples. Regardless of where performed, what
shoul d be understood in planning yards as well as in
i npl enenting yards is that such activities are a
continuation of the planning process shown in Figure 1-5.

Zone logic, which uniquely provides for systematic data
reduction fromlarge-frame to small-frame focus, also
identifies arbitrary restraints that prevent the full
exploitation of CAD facilities. For exanple, the planning
process shown in Figure 1-5 can easily continue in a
planning yard until it produces the data, such as, sketches,
tables, printouts, material lists, and even NC code required
for manufacturing conponents such as pipe pieces,
ventilation duct sections, precut electric cable Iengths,

di stributive system supports, foundations, |adders, and
wal kway sections.

If CAD systens are are 3eneral|y avai | abl e and conPatibIe,
the planning yard produced design nodel can be readily
transferred to an Inplenenting yard after ang pl anni ng
stage. Simlarly, because CAD termnals can be nade

avall able in shops, a yard planning departnent can readily
defer the detailing of conponents, or even the preparation
of sone zone/stage work packages, to yard shops. Wth the
same ease, a yard planning departnent can assign such work
to qualified subcontractors.

Assignment of detail design nust of course first consider
qualifications. But anong the qualifiers, assignnment should
be based upon their workloads. Wthin a shipyard, if
pl anni ng departnment people are busy and ShOP field engineers
and their assistants are not, the work should be assigned to
shops . If the reverse is true the work should be retained by
t he Flanning departnent. If both groups are busy the work
shoul d be assigned to a subcontractor or to the planning
yard, if it needs work. Regardless of where the work is
performed, the transition docunents, a file of flexible
standards, and a yard’ s PWBS provide unprecedented control
of whonever does pallet and conponent detail designs. Wth
feW eXCepti OnS, pipe pieces, for example, nust conformwth
the pipe piece famlies for which a yard' s pipe shop is
organi zed. The sinple problem area code that detai
designers are required to understand and assign for each’
pi pe piece, ensures that they are always alert for
opportunities to increase the percentages of straight and
ot her | ow cost piEe pi eces. The same logic applies to al
detail design work.
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ince only conpl eted conponents, including those to be
overhauled or nodified, appear as line itenms in M.Fs and the
materials from which they are assenbled appear in MPs and
M.CS, the MLF/M.P and M.F/ M.C rel ationships are those of
structured material lists. MP and MC represent the |ast
division of information in the planning process, shown in
Figure 1-5, after which, the very inportant conputer program
continues to sort, conpare and ask:

o Are qu material s now being defined for the first
time?

o If not, do quantities now exceed those recorded in the
ﬁEE%raCt design material budget, in M.S, and/or in

The objectives are to again confirm or adjust nan-hour
budgets and schedul es.

As envi sioned by planning yard production engineers at the
very start, work associated with each MLP and M.C is a

pall et which also has zone/stage/area classifications. But,
as long as pallet conpletion dates are nmet, a shop manager
working only with problem area classifications, can fu
exploit GT for internal shog operations independent of how
GT is exploited el sewhere. This permits just-in-time batch
fabrication or overhaul of different conponents, of varying
designs required in different quantities, on rationalized

work flows. 11

In addition, pallet required dates give shop managers the
weekly sequence for conpleted conponents. During systen}by-
system operations, shop managers are left relatively
uni nf ormed about what conponent is required next. Usually
they are told that nmany conponents for one system are
required by a date scheduled for start of system assenbly.
They are not told that the work will continue for many
months and that certain conponents are not required unti
late in the process.

2.6 SUMVARY

The growing conplexity of nmodern warships is forcing a

11 The process, which is further described for piﬂe pi ece
production in “Pipe Piece Fam |y Manufacturing”, The

Nati onal Shi pbuil ding Research Program March 1982, is also
applicable for the production of other conponents, such as
structural parts, foundations, ventilation duct pieces,

| adders, and wal kway secti ons.
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shift in dependence amaz from know edge vested only in
experienced craftsmen whose skills are channeled only for
work on specific systens, to nore and better quality
planning that is focused on constant devel opnent of an
entire manufacturing system Specialists in both planning
and production are now required to idealize interim products
for their production on rationalized work flows according to
Gl logic. Because different regions of a ship are very
different from each other, associated problens are
different. Thus for exanple, different specialists are
required for an electrical/electronics region as conpared
for those needed for a machinery region.

The specialists function in tiered planning stages w thout
regard to whether they are located in a planning yard or in
an inplementing yard. The stages are:

o large-frane planning which includes contract design
and a unique expression of a strategy which is a
preview of required interim products,

0 internediate-frane planning which features functiona
drawi ngs that are tentatively arranged and divided in
order to junp start material ordering,

0 transition planning, a quickly applied process wherein
boundaries of interim products and operability,
mai ntainability, and producibility features are
I ncorporated by specialists, so as to control detail
desi gn devel opnent, and

0 small-frame planning wherein detail design is
perfornmed as needed to produce parts, subassenblies,
and assenblies regardless of the portions of
functional systens incorporated.

The planning process is one of constantly refininP and
subdividing data until the descriptions and nateria
requirenents are sufficient for production on rationalized
work flows. Throughout, top priority is given to conparing
material requirenents to what has been predicted before,
because required man-hours are linked to naterial. Thus,
constant assessnent of required materials is neans to
constantly verify or adjust man-hour budgets and schedul es.



3.0 RECOMWENDED CHANGES TO THE FMP MANUAL

Wi le the Fleet Mdernization Program Nhnagenent'and_
Qperations Manual does not preclude the use of zone logic
it offers no specific encouragenment or instructions. The

follow ng changes to the January 1985 edition (with Change 7
dated Novenber 1988) would inprove this situation:

3.1 VOLUME 1 Section 1
Subsection 1-2 Background
Add a fourth bullet item _

0 I'nproving inplementing yards' manufacturing

systemns.”
Subsection 1-3.3.1 Drawi ng Preparation
Aftir ‘I system drawi ngs, “ add “conposite draw ngs per type of
V\Dr ’ ”
3.2 VOLUME 1 Section 2
Subsection 2-2.3 Planning Yard Responsibilities
In first bullet itemafter ". . and devel opment." add "Acting
as surrogate Overhaul Yards for required production
engi neering input until Overhaul Yards are designated.|t
Add a new subsection
“2-2.8 Overhaul Yard Responsibilities
o Exploiting the opportunities during performance of
SHI PALTS to inprove the manufacturing system"

3.3 VOLUME 1 Section 3
Subsection 3-1.1 Background
In the first sentence delete "proper advance Elannin%,"_and
substitute “a production engineered strategy before basic
design starts,”
3.4 VOLUME 1 Section 4
Subsection 4-2.4 Planning Yard Responsibilities

In the third bullet item after ". ..the cognizant s.™M pM
add "land in the context of a production-engl neered



i npl ement ation strategy”

In the fourteenth bullet item after “...the installing
activity” add “with information grouped as required by the
installing activity”

Bet ween the sixteenth and seventeenth bullet itens add:

110

t he Headquarters System Conmand”
Following the very last bullet item add:

"o Constantly updating the design model with information
obt ai ned during shipchecks, with the design details
incorporated in SIDS, and with as-built details
obtai ned during evaluations of how the production
processes perforned.”

Subsection 4-2.4.2 Configuration Control
Between the third and fourth bullet itens add:

"o Planning Yards will provide arrangenent draw ngs for
all distributive systens, that is, nothing is to be
field run fron1diaPrannatic except very short |engths
of tubing and small-dianmeter electric cable”

Subsection 4-2.4.3.1 Contractor Responsibilities

In the second paragraph after “. . .of engineering draw ngs,”
add “material [ists,”

Add a new subsection
"4-2.4.6  productivity Control

Pl anning Yards will provide on SIDS, counts of certain
itens to facilitate productivity anal yses, such as: nunber
of separate fittings, nunber of all pipe pieces, average
pi pe piece length, nunber of straight pipe pieces, nunber of
pi pe pieces that can be fabricated as straight pipe pieces
and bent in the final work stage, number of pipe pieces

having other that 90° and 45° bends, nunber of fittings to
be assenbled in shops as outfit nodul es, nunmber of fittings
to be assenbled on block, nunber of fittings to be assenbl ed
on board, ratio of nmock or |oose-flange pipe pieces relative
to total nunber of pipe pieces, total footage of al

electric cable runs, tfootage of electric cable pulled on

bl ock, footage of electric cabled pulled on board, total.
nunmber of electric cable ends to be connected, nunber of

el ectric cable ends connected on bl ock, and nunber of

el ectric cable ends connected on board.”

RR



Subsection 4-6 ShipAl't Installation Draw ngs

In the second paragraph after “system draw ngs,” add
“conposite drawi ngs per type of work,”

Subsection 4-6.2.1 Shipchecks

Add after the second paragraph: “The Planning Yard will
constantly update the design nodel with information obtained
during shipchecks and obtained during evaluations of how the
production processes perforned.”

Subsection 4-6.2.2 Drawing Devel opment

In the first paragraph, followng “...testing and _
installing” add "per a production engineered inplenmentation
strategy. Pallet codes to designate assenbly work on an
outfit nodule, on block or on board, shall be shown for each
material itern. The nunber of separate parts should be
mnimzed. Drawings are to provide for integrated
structural, outfitting and paintin% wor k anticipating
assenbly in shops as nuch as possible. Parts, particularly
pi pe pieces, are to be coded in order to designate the

probl ems inherent in their manufacture, conputer sorting,

and just-in-time manufacture per Goup Technology logic. To
the maxi mum extent possible, the weights and overall |engths
of parts that are designated for fitting on board are to be
limted to what one worker can handle safely."”

Subsection 4-6.2.3 Procurenment Specifications

Add the follow ng as a second paragraph:

"The Planning Yard will place initial purchase orders for
certain materials based on information available from
functional diagrammatic in order to allow suppliers nore
time for obtaining raw materials and for setting up
tooling.”

Subsection 4-8 Liaison Action Record

At the end of the |ast sentence add: “The LAR will also be
used to docunent the nutually agreed upon transfer of
outstanding detail design activities froma Planning Yard to
an Overhaul Yard.”

3.5 VOLUME 1 Section 5
Subsection 5-1.2 Policy
Add_a second Paragraph as follows:

"The estimated man-days shall be related to material and
statistically determned based upon how Overhaul Yards
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normal ly perform that is, in terms of mean values and
standard deviations. Thus initially estimted man-days will
be primarily derived fromthe initial material budget.
Intermediate estimated man-days will be primarily derived

frommaterial lists that acconmpany functional SIDS such as
diagrammatic, and the final, or detailed estinmted man-days
wll be obtained fromthe material |ists which acconpany

detail draw ngs.”

3.6 VOLUME 1 Section 6
Subsection 6-1.1.2 Overall Responsibilities

Following “... provided in Subsection 6-1.4." add “No
financial managenent responsibility shall detract from the
safest and nost productive way to organize and inplenent
ShipAl't work. For exanple, man-day costs that are collected
by type of work performed for nore than one ShipAlt, maybe
pror at ed annn? ShipAl'ts in accordance with any schene that
Is statistically valid.”

Subsection 6-6.6.1 NavShi pYd Review Estimates

In the first garagraph delete the | ast sentence and _
substitute: "The Intent is to establish a systemin which

the interests of all activities are considered wth
particular enphasis on fulfilling ShipAt functiona
requirements while structuring an approach to work which
enabl es Overhaul Yards to sinultaneously inprove their

manuf acturing systems. The intent includes solving problens
through arns length negotiation, so as to free each party to
devel op, propose, and evaluate strategies in pursuit of
acconpl i shnent of a common goal .”

3.7 VOLUME 1 Section 7
Subsection 7-1.2 Background
Delete the first bullet item and substitute

"0 Assessing all material requirements for each ShipAlt
during basic design, refining all material requirements
during functional design, and exactly defining all materia
requirenments during detail design”
Add the followng as a fifth bullet item

o Specifying just-in-tine delivery dates."
Subsection 7-1.3 Policies

Del ete existing paragraph e. and substitute
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e. Al material requirenents will be assessed during
basic design by (1) precise identification and quantities,
(2) precise identification and estimted quantities, and/or
(3) material classes and estinmated quantities. Al material
requirements will be further defined during functional
design and exactly defined during detail design. These
requi rements nmust be formally docunented in accordance with
references (i) through (k).”

In paragraph i. following “... availability start date”
insert “or per a just-in-tine delivery date specified by an
Over haul Yard.”

3.8 ACRONYMS

Add the follow ng:

M.S Material List per System

M_F Material List of Fittings

M.P Material List per Pipe Piece

M.C I\P/?te?:rei al List per Conmponent Qther than a Pipe

PPFM Pi pe Piece Fam |y Manufacturing
PVBS Product Work Breakdown Structure

3.9 GLOSSARY
Add the follow ng:
Area - See Probl em Area.

Design Mbdel - A collection of data, in any form that
represents a ship as it actually exists.

Field Run - The practice of determning final |ocations and

design details as work is being inplenented. It is work out
of managenment’s control.

G oup Technology - The |ogical arrangement and sequence of
all facets of conpany operation in order to bring the
benefits of mass production to high variety, mxed quantity
producti on.

Interim Product - A discrete elenent identified as an

objective in a work package. It is a part, subassenbly,
zone, system etc., that has been transforned by the
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aﬁpljcation of work. The transformation can be nanifested by
physi cal change or by change in circunstances, for exanple,
change of an untested piping systemto a tested system

Pallet - A definite increment of work with allocated
resources (information, labor, and materials) needed to
produce a defined interim product.

Pipe Piece Fam |y Mnufacturing - The classification of pipe
pi eces into groups having design or manufacturing attributes
which are sufficiently simlar to make batch manufacturing
practical. It enploys Goup Technol ogy | ogic.

Problem Area - A division of work into simlar, repeatable
work processes. It is a classification of interim products
using Group Technol ogy | ogic.

Product Aspects - System and Zone which are
characterizations of a ship design, and Problem Area and
Stage which are characterizations of a manufacturing system
[f the word “zone” is omtted, the three remaining product
aspects are in the context of a traditional system work
breakdown structure. If the word "system | is omtted the
three remaining product aspects are in the context of a
modern product work breakdown structure.

Product Work Breakdown Structure - A vision of a sequence of
interim products to be ripped out or installed for
constructing, nodernizing, or overhauling a ship.

Wrk Flow, Real - Rationalized organization of work wherein
materials being processed nove and workers are at a fixed
work site, for exanple, as for autonobile production.

Wrk Flow, Virtual - Rationalized organization of work
wherein materials being processed are stationary and workers
movefrom site to site, for exanple, as when cleaning ships
bal | ast tanks.

Work Instruction - A collection of just the data needed to
produce an interim product. Dependent upon an interim
product’s conplexity, a work instruction, can consist of an

8 I/2” XllI" booklet containing a conposite drawi ng, naterial
l'ist, process instructions, safety and test procedures, etc.

Zone/ Stage/ Area - The three product aspects that are .
utilized for organizing real and virtual work flows. “Zone”
refers to geographical divisions that incorporate an interim
product required, "stage" refers to a division in tine that
establishes when an interim product is required relative to
others, and “Area” designates the work flow, that is, the
resources needed to produce an interim product.
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3.10 VOLUME 2 MANAGEMENT AND OPERATI ONS MANUAL (SL720-m
MAN-010)

1.  Scope
In Subsection 1.3 add

"f. Inplenentation Strategy
3. Requirenents
In Subsection 3.2 Delete the first sentence and substitute
"Each activity shall designate qualified production
engi neers and designers to act as liaison planning
representatives .°
4. Changes, Waivers and Deviations
In Subsection 4.2.d. add the following sentence: "Valid
obj ectives include inprovenent in productivity as well as in
operability and naintainability.”
3.11 VOLUVE 2 TECHNI CAL SPECI FI CATI ON (9090-500B)
Subsection 3.2.1 Planning Yards
Following " . ..to the Planning Yard include” add “inposition
gnla.generlc, basic inplementation strategy, materia
efinition, 't

Subsection 3.3.4.3 NAVAI R/ SPAWAR/ OTHER (Techni cal and
Logi stics) Approval

Following “ . ..personnel safety, * add “maintainability,”
3.12 VOLUME 2 TECHNI CAL SPECI FI CATI ON (9090-600) dated 4
Sept enber 1984

Subsection 3.2.1 ShipAt Draw ngs

After “. . and detail drawings, * add “work instruction
draw ngs, "

Add the follow ng paragraph:

' Drawings shall contain codes which indicate
manuf acturing problem areas for parts and for assenblies.”

Subsection 3.3.1 Planning Yard

After " . ..engineering design agent" insert "and the
production engineering surrogate"



Add the follow ng three paragraphs:

“9 Initially grouping design information in the context
of basic, ﬂenerlc inplenentation strategies and afterwards
refining the groupings per mutual agreements wth designated

I mpl ement i ng yards.

h. Recommending to NavSea Engineering Directorates the
most optinmum conbi nations of ShipAlts, including partial
ShipAlts, that should be incorporated in integrated design
draw ngs.

i.  Recommending to NavSea Engineering Directorates
rearrangenents and/or reconfiguration to existing systens,
compartnments or spaces that should be nade during ShipAlt
i mpl ementation that would significantly inprove operability,
mai ntai nability, and/or productivity."

Subsection 3.4.1.1

After ‘'. ..departure to" add “facilitate material and
production control,"

Subsection 3.5.3 Drawi ng Types
Add “g. Work Instruction Drawings (see 3.5.12)"
Subsection 3.5.5 Parts/Mterial/Equipnent Lists

In paragraph b. after "1. ..for ordering material" insert "not

al ready ordered"
Subsection 3.5.5.2
Add the follow ng three paragraphs:

"I, Problem Area. A code which identifies the set of
problens inherent in manufacture (Goup Technol ogy) for _
those itens to be custom manufactured shall be shown in this
col um.

m Pallet Identification. A code which identifies the
pall et destination for each material item shall be shown in
this col um.

n. The designator AS shall be shown in this colum for
each material 1temthat is classed as Allocated Stock."

Subsection 3.5.5.3 Equi pment Lists

Add the follow ng paragraph:
"k. Pallet ldentification. A code which identifies the
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pallet destination for each equipnment shall be shown in this
col um.”

Subsection 3.5.6.2 List of Mterial

In paragraph a. after “and APL nunber (see 3.5.5.2)” add *
and a code which identifies the pallet destination of each
material item” '

Subsection 3.5.6.3 CGeneral Content.

In paragraph a. delete “weighing fifty pounds or nore. For
machi nery equi pments weighing less than fifty pounds,

conpl ete foundation/mounting details are required if the
foundation is fabricated or if the nmounting requirenments are
critical, unusual or conplex.”

Subsection 3.5.7.2 List of Muterial.

After “. ..top of the material list downt" insert "to
facilitate material take offs. A separate list of materia
shal | be sequenced in the order that materials are to be
installed to facilitate production control.”

In paragraph e. after “and APL nunber (see 3.5.5.2)" add *
and a code which identifies the pallet destination of each
material item”

Subsection 3.5.7.3 Ceneral Content
Del ete paragraph b. and c. and substitute:

“b. Piping drawings. Al piping installation draw ngs
shal | be conPIete arrangenment and detail drawings. Only
short runs of small diameter tubing shall be excepted.
Single-line representation for piping up to 1 1/2 inches
[.P.S. (lron Pipe Size? may be used. PiBing greater than 1
1/2 inches |.P.S. shall be represented by two parallel |ines
that are at a distance apart corresponding to scal ed
di mensions of outside diameters. Al details of pipe, valve
hanger and fitting configuration as well as keg di mensi ons
to locate pipes, conponents, hangers and pipe bends whose
| ocations are critical due to pipe stress, space restraints,
productivity considerations, etc. Preferably tolerances that
are derived from statistical analysis of accuracy nornally
achi eved should be enployed. OQtherw se a tolerance of plus
or mnus 1/2 inch shall be applied to the dinmensions and
shall be so stated on draw ngs. Were conposites are
enpl oyed piping installation drawings may be integrated with
duct 1nstallation draw ngs.

c. HVAC drawings. Al duct installation drawi ngs shall be

conpl ete arrangenent and detail draw ngs which show al
fittings and plenuns. Duct shall be represented by two
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parallel lines that are at a distance apart corresponding to
scal ed widths and heights. Key dinensions and all critica
hangers, fittings, etc. shall be detailed on the draw ngs.
\Where conposites are enployed duct installation draw ngs nay
be integrated with piping installation draw ngs.

Subsection 3.5.8.2 List of Material.

In paragraph a. after “and APL nunber (see 3.5.5.2)" add "
and a code which identifies the pallet destination of each

material item”
Subsection 3.5.8.3 General Content

In paragraph b. after “ . ..all material requirenents” insert
"including information required for procuring precut cable

| engt hs, "

At the end of paragraph b. add a new sentence as foll ows:
"Conposite arrangenment draw ngs used for work instructions
shal | show pall et designations for each equi pnent and each
material item?”

In paragrph c. following ‘*

whi ch address work of one type regardl ess of systens
represented, may also be used as Integrated design
draw ngs. "

Subsection 4.1.4 Drawing Control Procedures.

Del ete paragraph c. and substitute

[lc. Preparation of drawings and material ordering data in
the sane sequence specified for inplenentation of work in a
production engineered ShipAlt inplenentation strategy.11

Subsection 4.2 Nonconformng Data |tens.
Add the follow ng new subsection

‘14.2.2.4 Engineering/ Technical Quality Indicator. Wth
defects defined as any engineering or technical matter that
necessitates a change in material ordering data, the nunber
of defects relative to the total nunber of material |ine

itens shall be maintained as a Planning Yard quality
i ndi cator .*

Subsection 6.3 Definitions.

Bet ween Subsections 6.3.24 and 6.3.25 add the follow ng
definition:
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“Design Mdel. Any collection of information which
describes a ship including all its structure, equipnent,
fittings and arrangenents. The design nodel may be
I ncorporated in cabinet files of conventional draw ngs, in
conputer files, or in any conbination thereof.”



4.0 THE BENEFI TS OF COMBI NI NG SHI PALTS: A SPREADSHEET
APPLI CATI ON

4.1 MOTI VATI ON

The identification of potential ShipAlts to be
acconplished for a given-availability- is an iterative
process. Often there can be considerable change in both the
nunber and type of ShipAts that are addressed from the
earliest planning stages until the final work scope is
chosen. Additionally, this uncertainty makes the devel oprment
of neaningful cost estimates for various conbinations o
ShipAlts difficult to obtain. Consequently, a sinple tool to
monitor and hel p eval uate nunerous conbinations would be
useful, both for Planning Yards throughout the planning”
process and for Navy decision-makers, as they consider cost
and operability tradeoffs.

4.2 SPREADSHEET TOOL DESCRI PTI ON

The devel opnent of a generic overhaul strategy for ship
types has been described previously. In effect, this
strategy provides a |list of zone/stage pallets by specialty.
In the context of this available generic strategy; ShipAlt
designers can identify pallets inmpacted by potentia
ShipAl'ts very early in the planning process. In fact, one of
the first tasks of the £Ianning yard should be to identify
these pallets associated with each ShipAlt. Oice this has
been acconplished, the information can be input to a
spreadsheet matrix, which has the pallet list that forms the
generic strategy on one axis, and the ShipAlt nder
consideration on the other axis, as shown in The
four specialties enployed in this exanple are the Tikely
ones for a naval auxiliary, including machinery (M , deck
(D), accommodations (A) and electrical/electronics (E/E). The
row headi ngs show there are three different ShipAlts under
consideration. Thus, as nultiple ShipAts are considered
and entered into the spreadsheet, a record of the pallets
required is devel oped, and the potential synergistic benefit
of performng conbinations of two or nore ShipAlts is
i dentifed and conput ed.

4.3 SPREADSHEET OPERATI ON

After each ShipAlt has been analyzed only in enough detail
to identify pallets required, data can be entered into the
spreadsheet. A "I" input into the cell for a specific pallet
and a specific ShipAlt indicates that a pallet is required
to conmplete the ShipAlt. Cells for pallets not inpacted by
the ShipAlt have "0" entered. As additional ShipAlts are
identified and the estinmating process
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to the spreadsheet for additional colums reflecting the
pal l ets inpacted by these additional ShipAts. Table 4-2
shows the spreadsheet with initial data (for three fictiona
ShipAlts) input. Note that the initial planning and design
analysis is only to identify pallets by specialty involved
in each ShipAlt. At any point in this process, the
spreadsheet matrix can be screened to identify pallets that
are inpacted by nore than ane ShipAlt. This first output
matrix is shown in|Table 4-3. |In the colum | abel ed
zone/sta?e multiple 1nmpacts In this matrix, a "1" appears in
each cell in which nore than one_ShipAlt has an inmpact and a
"0" in each cell in Whi ch one or no ShipAlt has an 1 npact.
Pal | ets having the potential for tine or cost savings are
thus clearly rdentified.

As the ShipAt designers nake nore information avail able,
estimtes of work content (cost) per pallet, perhaps bg
estimating parametric material weight and multiplying by the
aﬁprogriate productivity index, are obtained. This data can
then be entered into appropriate cells in the spreadsheet.
Since the ShipAl't designers are alerted to areas of
potential synergistic cost savings per pallet, estimates of
these savings can be made. This data can then be input into
the spreadsheet to permt easy conpilation of the total
savi ngs associated wth zone/stage conbination of ShipAlts.
Sinple manipulation of the spreadsheet permts evaluation of
a nunber of differen ' nbi nations for potentia
aznergistic savings. | Table 4-4 £hows the spreadsheet into

ich data is entered as the design process has progressed.
Now, man-hour estimates for ShipA't work by pallet can be
input. The estinmated savings by conbining work from
different ShipAits involving the same pallet can also be
input into the appropriate cell in the spreadsheet. [Tabte 4= ]
5 1s a final spreadsheet output, indicating all pallets
i npacted by all ShipAlts being considered, and also
providing total cost estimtes and synergistic cost savings.

The spreadsheets shown here were progranmed using LOTUS 1-
2-3. The procedure to set up such a spreadsheet matrix
(using LOTUS 1-2-3 or any other spreadsheet software) is
relatively straightforward.



SAR 1 SAR 2 SAR 3

ZONE  STAGE

TArArAcA~—d OO0 O 10 A 100 ddAdddOO

A O A0 A1 100 A 100 ddAd1O0OAd40O0O

A1 Ocded Acvd A A1 O O HAcAc—Ac—d—i

—A NN - AN AN AN AN NI

O

=S 2 =2 g 52 2=

12 13

18

Tot al

SAR2 SAR 3

sAR 1

ZONE STAGE

AAdAdAdA 4144 O O

OO0 oooo .. O

A0 0O d+400O0

AN TN A—ANI—

88 8

D1
D2

Tot al

data input

spreadsheet

Initial

TABLE 4-2a:

69



SAR 1 SAR 2 SAR 3

ZONE  STAGE

g e e e R R R | A1 O

[CHeNoNoloNoNoNoNo) S ©O OO o

~— < O O A OcdAcd—— O O

— AN AN M AN AN AN

13

Tot al

SAR 1 SAR 2 SAR 3

ZONE STAGE

E/ El

A OO0 A A 100 A A A AAAA A o

~— Sed O O Avd O Ocd Ocdcd H o —

AN AN AN AN AN AN M <t — I

E/ E2
E/ E3
E/ E4
E/ Es
E/ E6
E/E7

15

12

Tot al

data input

spreadsheet

Initial

TABLE 4-2b:

70



Lwwn
ol
wmnwm

=l
_./_._WI
5
N

(ep]
&
0]
N
&
)
i

@

<

(%)
2
wn
Ll
5
N

cAvd A Acdcd A O« oA I O O

cAAA—A—"A 0O 00O 10 A 14100 dd 00

A1 O 10O A 14400 dA+H0O0 — = O 100

1 OcAdrdcAd A dcdc~dc O OcvAdcAdcAdcdcdd

AN AN —AANM AN — N — —A N —N—

o

=S 2 =2 £ 252 2 =

16

12 13

18

Tot al

ZONE/ STAGE
MULTI PLE
| MPACTS

SAR 2 SAR 3

SAR 1

ZONE STAGE

i O—di—1 O O O

i ——i— O O

[eNeoNeolNolololNoNoNol

A1 O O«d 1 O OO

—AN AN

83 A

D1
D2

Tot al

71

Initial spreadsheet output show ng
I'tiple 1 npacts

TABLE 4-3a:



| MPACTS

ZONE/ STAGE
MULTI PLE
SAR 1 SAR 2 SAR 3

ZONE STAGE

A O OO A1 1O 10O OO

A A A AAA—A—d O+ 1 O

[eNeoNeoNoNeoNoNoNolNolololololelNo]

A O OO AT Ocdcd—d— O O«

—AN—TAANM AN M AN N —ANM

13

Tot al

ZONE/ STAGE
MULTI PLE
| MPACTS

SAR 3

SAR 2

sAR 1

ZONE STAGE

E/ El

A Ocdced O OcdAced Ocd A A A A 1 O

Ol Ocded O O Hed OcHdd O~1 O O« O O

— O Ocdedcd O Ocvdv v Avdcdcdcd i

A O O Ocvdvd O O« O H HAvAdAcd 1 O

—TANMM AN M AN AN TN T ANM <N

E/ E2
E/ E3
E/ E4
E/ Es
E/ E6
E/ E7

14

15

12

Tot al

show ng

out put

_ spr eadsheet
tiple Inpacts
72

Initial

mu

TABLE 4-3b:



ZONE/ STAGE SAR 1 SAR 2 SAR 3 ESTI MATED
MULTI PLE  MANHOUR MANHOUR  MANHouR MANHouR

ZONE STAGE | MPACTS ESTI MATE ESTI MATE ESTI MATE SAVI NGS
M 1 1
2 1
M2 1 1
2 1
3 1
M3 1 1
2 1
3 1
Y4 1 1
2 0
VS 1
1 1
Y4 1 0
2 0
M7 1 1
M 1 1
2 1
Y] 1 1
2 1
MLO 1 0
2 0
Total = 16
ZONE/ STAGE SAR 1 SAR 2 SAR 3 ESTI MATED
MULTI PLE  MANHOUR MANHOUR  MANHouR MANHoUR
ZONE STAGE | MPACTS ESTI MATE ESTI MATE ESTI MATE SAVI NGS
D1 1 1
2 1
D2 1 0
2 0
D3 1
M 1 1
2 0
Db 1 0
2 0
Total = 4

TABLE 4-4a:  Spreadsheet matrix for entering man-
hour estinmates
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ZONE/ STAGE SAR 1 SAR 2 SAR 3 ESTI MATED
MULTI PLE  MANHOUR MANHOUR  MANHOUR MANHOUR

ZONE STAGE | MPACTS ESTI MATE ESTI MATE ESTI MATE SAVI NGS
Al 1 1
2 1
A2 1 0
2 0
3 0
A3 1 1
2 1
3 0
AM 1 1
2 0
A5 1 1
2 1
A6 1 0
2 0
3 1
Total = 8
ZONE/ STAGE SAR 1 SAR 2 SAR 3 ESTI MATED
MULTI PLE  MANHOUR MANHOUR  MANHOUR MANHOUR
ZONE STAGE | MPACTS ESTI MATE ESTI MATE ESTI MATE SAVI NGS
E/ El 1 1
2 1
3 0
E E2 1 1
2 1
3 0
E/ E3 1 0
2 1
E/ E4 1 1
2 0
E/ ES 1 1
2 1
E/ E6 1 1
2 1
3 1
4 1
E/ E7 1 1
2 0
3 1
Total = 14
OVERALL TOTAL = 42

TABLE 4-4b:  Spreadsheet matrix for entering man-
hour estimates
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ZONE/ STAGE SAR 1 SAR 2 sAR 3 ESTI MATED

MULTI PLE MANHOUR MANHOUR  MANHOUR MANHOUR

ZONE STAGE | MPACTS ESTI MATE ESTI MATE ESTI MATE SAVI NGS
M 1 1 35 53 87

2 1 66 46 53 71

Y2 1 1 35 0 64 28

2 1 0 25 34 0

3 1 68 0 35 35

MB 1 1 76 78 0 33

2 1 68 35 0 12

3 1 46 84 0 42

Y2 1 1 86 0 97 75

2 0 56 0 0

Vb 1 1 46 23 53 32

2 1 46 26 68 57

Y3 1 0 0 0 0 0

2 0 0 0 0 0

M7 1 1 57 37 86 57

B 1 1 86 26 54 46

2 1 29, 74 54 12

M 1 1 . 0 0

2 1 25 54 76 46

MLO 1 0 75 0 0 0

2 0 68 0 0 0

Total = 16 1039 561 848 580

ZONE/ STAGE SAR 1 SAR 2 SAR 3 ESTI MATED

MULTI PLE  MANHOUR MANHOUR  MANHOUR MANHOUR

ZONE STAGE | MPACTS ESTI MATE ESTI MATE ESTI MATE SAVI NGS

D1 1 1 46 0 45 37

2 1 46 0 68 26

D2 1 0 0 0 86 0

2 0 0 0 34 0

D3 1 1 57 0 86 38

>4 1 1 86 0 46

2 0 0 0 54 0

D5 1 0 0 0 0 0

2 0 0 0 0 0

Total = 4 235 0 427 147

TABLE 4-5a: Final spreadsheet matrix
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ZONE/STAGE

MULTIPLE

ZONE STAGE IMPACTS
Al 1 1
2 1

A2 1 0
2 0

3 0

A3 1 1

2 1

3 0

ad 1 1
2 0

A5 1l 1
2 1

A6 1 0
2 0

3 1

Total = 8

ZONE/STAGE

MULTIPLE

ZONE STAGE IMPACTS

E/E1 1 1

2 1

3 0

E/E2 1 1

2 1

3 0

E/E3 1 0

2 1

E/E4 1 1
2 0

E/ES 1 1

2 1

E/E6 1 1

2 1

3 1

4 1

E/E7 1 1

2 0

3 1

Total = 14

OVERALL TOTALS = 42
TABLE 4-5b:

SAR 1
MANHOUR
ESTIMATE

46
78

SAR 1
MANHOUR
ESTIMATE

4
46
0
75
0
0
46
36

SAR 2
MANHOUR
ESTIMATE

(=] CQOO0OO0OO0OOO0COODOOOOOO

SAR 2
MANHOUR
ESTIMATE

SAR 3
MANHOUR
ESTIMATE

SAR 3
MANHOUR
ESTIMATE

0
68
0
86
86

Final spreadsheet matrix
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ESTIMATED
MANHOUR
SAVINGS

33
50
0
0
0
17
25
0
22
0
0
41

ESTIMATED
MANHOUR
SAVINGS

4
39
0
43
13
0

0
-31
18



5. 0 RECOMVENDATI ONS
5.1 | MPROVE THE MANUFACTURI NG SYSTEM

There is great need for OpNav and NavSea to recognize that
a shipyard's ability to inprove itself while inplenenting
ShipAl't work is just as much a mlitary requirement as
upgradi ng weapons systens in warships. Fortunately,
virtually all mlitary and technical inprovenents can be
achieved while sinultaneously and manifestly providing for
manuf acturing system inprovenent.

OpNav shoul d state, “A shipyard's ability to inprove its
manufacturing system during inplenentation of any work is a
mlitary requirenment.”

NavSea should state in The Fleet Mbdernization Program
Management and Qperations Manual, “Shipyards shall provide,
for inprovements in their manufacturing systems during
ShipAl't inplenentation.”

Significant inprovement is dependent upon concerted °
application of all of the basic management functions, that
IS

0 estimting,
o planning (design is an aspect of planning) ,
0 scheduling,

0 inplenmenting (both material marshaling and
produci ng), and

0o evaluating.

Therefore, with particular enphasis on those who participate
in devel oping contract requirenments, a nanufacturing system

nmust be regarded as including all organizations that
I nfl uence how shipyards perform For ShipAt work they
I ncl ude:
0o Ship Logistics Mnagers(SLMs)/ Program Managers (PMs),
0 Type Commanders (TyCons),
0 Engineering Directorates (EDs), and
o planning yards.

SLMs, PMs, TyConms, and EDs are customers. They shoul d
understand that their best interests are served when their
mlitary and technical requirenents are formatted in a way
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that permts further refinenment and eventual inplenentation
per nodern, zone oriented manufacturing technol ogy.

Pl anning yards serve two masters. They function as agents
of customers during their preparation of:

o ShipAlt Records, that is, prelimnary design
activities that are sufficient for ShipAt progranm ng
deci sions, and

o0 SIDs that have the effect of contract draw ngs.

And they serve inplenenting shipyards during their
preparation of such other SIDs that are required.

OpNav shoul d state, "Because contract design is part of
t he manufacturing s?/stem SLMs/ PMs, TyCons, and EDs, shall
negotiate, preferably with inplenmenting yards, but otherw se
with planning yards acting as surrogates, for the purpose of

incorporating effective inplementation strategies In
contract draw ngs.”

5.2 DEVELOP CENERI C STRATEG ES PER SH P CLASS

Zone/ stage control of work conbined with addressing each
type of work separately (for example, light-fitting rip out
and heavy-fitting rip out), are all that are needed to
devise a very useful, generic alteration strategy by ship
class. That part of a strategy that aPpIies to a single
specialty within one ship class, say for machinery spaces,
since it is by type of work, will be simlar to that
required for another ship class. Thus, very much can be
adaPted fromclass to class by just taking into account the
different conpartnentation.

OpNav shoul d authorize a special project for the purpose
of developing generic strategies that planning yards should
use to preview how zone oriented work Is nmost likely to be
I mpl ement ed.

NavSea should direct planning yards to provide codes in
their design nodels so that they can offer inplenenting
yards a choice of information in zone/stage groups that

match a generic strategy or in traditional systemby-system
groups.

5.3 INSTITUTE ZONE ORI ENTED DESI GN STACES

Contract and functional design are distinct stages in a
traditional design approach. Transition and work instruction
design stages do not exist. Zone orientation features
system by-system expertise applied to functional matters and
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initial material definition, but it also relies on zone
oriented expertise per regional specialty, particularly for
detail design and exact material definition. As nore than
two thirds of design man-hours are spent on detail design,
the corporate culture wll change for the mgjority involved
in ShipAlt design efforts.

The change will entail a culture shock for many who
believe they have achieved security by conmandi ng design
aspects of a particular function. Their vision cannot be
expected to include optimzing inplenentation of entire
ShipAlts nor their roles as de facto Participants in a
manuf acturing system which has the obligation to continually
i nprove.

NavSea shoul d provide special assistance to planning yards
in the formof programs to indoctrinate designers in zone
logic, to identify people who cannot nake the
transformation, and to provide such people with other work
or early retirement.

~NavSea should require planning yards to inplenent the four
di stinct zone |ogic design stages, including, contract,
functional, transition, and work Instruction.

5.4 ESTABLI SH PRODUCTI ON ENG NEERI NG I N PLANNI NG YARDS

Al though a generic strategy per a ShiP type would be
avai | abl e, each planning yard would still require its own
production engineers. They would be required at first to
adjust a generic strategy in the context of a particular set
of ShipAts authorized for sinultaneous inplenentation.

Until an inplementing yard is designated, planning yard
production engineers wuld have to refine their strategy as
design progress makes nore information avail able.

NavSea should require each planning yard to develop a
production engineering capability for each specialty
represented in the ship classes assigned to them Each
person so assigned should have keen understanding of ship
operational, ship maintenance, and shipyard manufacturing
system matters for the specialty assigned.

5.5 SH FT TO PRODUCT ORI ENTED MATERI AL MANAGEMENT

Since material is the only tangible, the nost effective
shi pyard managenent systens control production through
control of material. Consumed man-hours are reported per
physical characteristic of the interim products conpleted
and according to the problens they inpose, for exanple, nan-
hours: per length of electric-cable pulled separately for
| arge, nedium and small dianmeters; per pipe pieces
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fabricated separately by pipe-piece famly; and per weight
of electronic work packages separately for shop assenbly and
for on board assenbly.

Statistical analyses of man-hour cost returns identify how
such work normally (mean val ues and standard deviations)
perforns and are the bases for man-hour budgeting and
schedul ing. Wen constant conparisons by conputer disclose
material types or volumes defined during any design stage
that exceed those in the contract design material budget,
budgeted man-hours increase accordingly and schedul es have
to be confirmed or adjusted. In order to maintain the
validity of the material/man-hour corporate data, certain
material managenent techniques are required.

Since they influence naterial/nman-hour relationships,
certain U S. Navy purchasing activities, and materia
suppliers including those for Centrally Provided Materia
(CFM are also de facto parts of a yard s nmanufacturing
system |In other words both naterial and production
responsibilities are operational matters that should respond
to the same ship nodernization strategy. Further, the
Eroductivity of a manufacturing system is dependent upon
now ng beforehand how material suppliers will perform as
well as how their products will perform Therefore
operational considerations should be the prinmary basis for
procurenent regul ations that shipyards nust follow,

QpNav shoul d, except for CPM and LLTM necessarily ordered
before an inplenenting yard is designated, transfer al
remaining material procurement responsibilities to
i npl ementing yards. This recomendation is peculiar to nava
shi pyards because they are required to enploy purchasing
activities outside of their conmands for a significant part
of their material procurenment activities.

NavSea should work to renove any restrictions that may
exi st that prevent shipyards frominitially ordering certain
materials from diagranmatics, and fromlimting the nunber
of eligible bidders for productivity reasons. Large anounts
of corporate data are essential for a nodern manufacturing
system Regarding each product, this includes design
details, approval status, quality, accuracy, ILS, prices,
schedul ed delivery record, and guarantee service record.
Attempting to build the needed file of corporate data
without |Imting the nunber of prosPective bi dders for each
itemto no nore than three, is sinply inpractical

NavSea should require naval shipyards, and shoul d
recomrend to private shipyards, that they enploy the
al located stock (AS) material nmanagenent concept.

NavSea shoul d require naval shiﬁyards, and should
recommend to private shipyards, that they relate naterials
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to man-hours.

NavSea should require naval shiﬁyards, and shoul d
reconmend to private shipyards, that they enploy a conputer
to constantly conpare materials being defined in later
gesjgn stages to naterial budgets devel oped during contract

esi gn.

5.6 GENERAL

NavSea, as well as all those involved in the construction,
moder ni zation, overhaul and repair of naval ships, have a
critical need to reexamne the way in which information,
Beople, material and work are organized. Although the

enefits of exploiting zone technology in production work
are generally recognized, the rest of the manufacturing
system has not been evaluated and altered to suit this _
approach. In general, nost participants in the manufacturing
system continue to enploy systemby-system thinking for al
preparations |leading to production. Just before production
starts, attenpts are then nade to reorganize information to
utilize zone technology in production. Logically, one
strategy is enployed until production work is to start, and
then a switch to a conpletely different one is made. This
situation is the result of a manufacturing system that has
evol ved over nany years.

This publication sets forth the premse that all parts of
t he ship nodernization, overhaul and repair process should
be recognized as being part of one manufacturing system
Thus the activities of planning yards are a critical part of
t he nanufacturin% s¥sten1 Further, specific guidance tor how
pl anning yards should go about preparing ShipAt infornation
In order to facilitate inplenentation of zone logic is
provi ded. OpNav and NavSea shoul d review, evaluate and act
upon these recommendations as a means of inproving it’'s
ability to nmanage the construction, nodernization, overhau
and repair of the naval fleet. As a practical matter, NavSea
shoul d revise and update the FMP Manual to reflect the goal
of supporting and encouraging the productivity gains that
can be achieved by enploying zone logic in ship repair,
overhaul and nodernization prograns. Suggestions for many of
the revisions are provided In Part 3 of this report.
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